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ABSTRACT 

We present optical spectroscopy, near-infrared (mostly K—hand) and 
radio (151-MHz and 1.4-GHz) imaging of the first complete region 
(TOOTOO) of the TexOx-1000 (TOOT) redshift survey of radio sources. 
The 0.0015-sr 5 deg'^) TOOTOO region is selected from pointed obser- 
vations of the Cambridge Low- Frequency Survey Telescope at 151 MHz at 
a flux density limit of ~ 100 mJy, ~ 5-times fainter than the 7C Redshift 
Survey (7CRS), and contains 47 radio sources. We have obtained 40 spec- 
troscopic redshifts (~ 85% completeness). Adding redshifts estimated for 
the 7 other cases yields a median redshift Zmod ~ 1.25. We find a significant 
population of objects with FRI-like radio structures at radio luminosities 
above both the low-redshift FRI/H break and the break in the radio lumi- 
nosity function. The redshift distribution and sub-populations of TOOTOO 
are broadly consistent with extrapolations from the 7CRS/6CE/3CRR 
datasets underlying the SKADS Simulated Skies Semi-Empirical Extra- 
galactic Database, S'^-SEX. 

Key words: galaxies: active - galaxies: evolution - galaxies: formation - 
galaxies: jets - galaxies: luminosity function 



1 INTRODUCTION 

Radio observations of Active Galactic Nuclei (AGN) 
reveal some of the complexity of the AGN phe- 
nomenon. A central black hole accretes matter 
through an accretion disk, which along the plane of 
the disk is hidden by a dusty and gas-rich torus. Ra- 
dio emission emerges from the immediate vicinity of 
the black hole through the synchrotron process (e.g. 
from the base of jets) and potentially other processes 

* Email: eleniv@astro.ox.ac.uk 



like optically thin bremsstrahlung from a slow, dense 
disk wind (Blundell & Kuncic 2007). Powerful jets 
can propagate to large scales and radio telescopes en- 
able the study of these 'radio-loud' objects in detail, 
which are believed to live from ^ lO** yr for small 
GHz-peaked sources to ~ 10^~* yr for larger steep- 
spectrum sources. Best et al. (2005) found that 25% 
of the most massive galaxies show radio-loud AGN 
activity, and argued that such AGN activity is con- 
stantly re-triggered. Radio sources seem to have a 
'duty-cycle', i.e. a recurrent radio-loud AGN activity, 
which is believed to play an important role in bal- 
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Figure 1. Sky area of the TOOTOO region with the bar showing the angle corresponding to a proper distance of 10 Mpc 
observed at redshift 2 = 1. Symbols: blue diamonds show the 47 TOOTOO radio sources, where their size is proportional to 
the base-10 logarithm of the 1.4-GHz flux density of each object; objects detected in the 74-MHz VLSS survey (Cohen et 
al. 2007) are indicated with a solid blue circle. Green boxes represent the 56 objects of the 70 sample in the same sky area 
with 5i5iMHz > 95 mjy; their size is proportional to the base-10 logarithm of the 151-MHz flux density of each object. 
The 11 A-array 1.4-GHz VLA pointings are shown as red crosses '+', where the circles around them have a radius of 35.7 
arcmin in order to include all the TOOTOO objects, and corresponding roughly to the 32-arcmin-diameter primary beam 
of the VLA. The 9 'off-edge' objects described in Section 2 are; TOOT00.1306 at 00 11 50.33 +36 39 19.34 with 5i5imhz 
= 0.11 Jy, TOOT00.1043 at 00 13 12.77 -1-34 50 04.78 with Sisimhz = 0.21 Jy, TOOT00.1067 at 00 13 42.51 -1-34 57 
22.04 with Sisimhe = 0.10 Jy, TOOT00.1065 at 00 14 06.90 -1-34 57 12.28 with Sisimhz = 0.097 Jy, TOTO00.1060 at 
00 14 16.62 +34 54 28.83 with Sisimhz = 0.10 Jy, TOOT00_1035 at 00 14 53.67 +34 47 04.59 with Sisimhz = 0.10 Jy, 
TOOT00.1282 at 00 15 28.61 +36 22 53.84 with S'isimhz = 0.11 Jy, TOOT00.1171 at 00 23 15.84 +35 34 39.66 with 
SisiMHz = 0.098 Jy, TOOT00.1225 at 00 23 28.63 +35 55 52.86 with Sisimhz = 0.10 Jy. 



ancing the energy losses from hot gas that surrounds 
massive elliptical galaxies (Best et al. 2006). This is 
done by re-heating the cooling gas inside the galaxy 
halo, in a way that provides a self-regulating feedback 
mechanism capable of controlling the rate of growth 
of galaxies (Tabor & Binney 1993). The 'duty-cycle' 
or, in other words the lifetime of radio sources, differs 
according to radio-source type. 



25 {Ho = 50 km s-^Mpc-\ Qm = 1 and Qa = 0)^; 
above this value lie the FRlIs, and below that the 
FRIs. Kaiser & Best (2007a, 2007b) suggest that all 
sources start out with an FRII structure, and the fi- 
nal form they take depends on the host galaxy. On 
the other hand, Parma et al. (2002) studied a sample 
of FRI and FRII radio sources with a double-double 



Fanaroff & Riley (1974) were the first to divide 
radio sources according to radio structure and radio 
luminosity: FRIs are bright close to the core whereas 
FRIIs are edge-brightened radio sources. The radio 
luminosity divide is at logj^Q(Li78MHz/WHz^^sr^^) ~ 



t This corresponds to logjQ(Li5iMHz/WHz~^sr~^) !^ 25 
in our adopted cosmology (Hq = 70 km s~^Mpc~^, Clyi = 
0.3 and Qa = 0.7 for an o ~ 0.8 radio source) at the 
typical redshift (z ~ 0.1) of objects defining the FRI/FRII 
division of the Fanaroff & Riley (1974) study. 
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structure and argued that it is unlikely that many 
FRIIs evolve to FRIs. 

Bird et al. (2008) argue that the average FRII- 
type (Fanaroff & Riley 1974) radio-source lifetimes 
are ~ 1.5 x 10^ yr with a duty cyclc^ ~ 0.02 (for 
~ 8 X 10* yr time off). Parma et al. (2002) claim that 
the ages of FRIs are ~ 5-10 times larger than the 
ages of FRII radio sources, consistent with the Best 
et al. (2005) inference that massive galaxies are active 
in either an FRI or FRII phase roughly 25% of the 
time. 

The difference in FRI and FRII radio-source life- 
times may bo linked to studios of HI gas as probe of 
the host environment of these objects. Emonts et al. 
(2008) studied a sample of nearby FRI radio sources 
up to redshift of « ~ 0.04 and a sample of FRIIs 
with z< 0.06, and found that different types of radio 
sources contain different large-scale HI properties; the 
HI detection rate in FRIIs is significantly higher than 
the detection rate for the FRI radio galaxies. These 
findings suggest a different triggering history for dif- 
ferent types of radio sources: FRIIs are likely triggered 
by galaxy mergers and collisions as the large-scale HI 
is often distributed in tail- or bridge-like structures; 
FRI radio sources are likely fed in other ways, such 
as steady accretion from a hot IGM. 

Radio sources can bo observed throughout differ- 
ent cosmic epochs. Studies of radio galaxies and radio- 
loud quasars (RLQ) can determine the evolution of 
the radio-source population by defining the Radio Lu- 
minosity Function (RLF; e.g. Dunlop & Peacock 1990; 
Rawlings, Bales & Lacy 2001; Willott et al. 2001), i.e. 
the number density of sources per co-moving volume. 
The sharp decline in the (co-moving) space density of 
radio sources from epochs corresponding to z ~ 2.5 to 
those corresponding to z ~ was inferred from early 
counts of radio sources by Longair (1966). By combin- 
ing constraints from radio source counts with surveys 
of bright high-radio-frequency-selected samples, using 
spectroscopic and estimated redshifts, Dunlop & Pea- 
cock (1990) were the first to map out the cosmic evo- 
lution of this population in any detail. They claimed 
to detect a measurable drop, or redshift-cutoff, in 
the space density of sources at 2; ^ 2.5. Returning 
to this problem with virtually-complete spectroscopic 
redshift information on low-radio-frequency-seloctod 
samples, Willott et al. (2001) measured a RLF in 
rough agreement with that of Dunlop & Peacock, but 
differing in important aspects such as a factor ~ 2 
lower normalisation a,t z ^ 2.5. Such seemingly subtle 
differences, attributable largely to biases in the red- 
shift estimates used by Dunlop & Peacock, removed 
any convincing evidence for the redshift cut-off, a 
finding in agreement with work focused on the most 



t We define duty cycle as the dimensionless ratio of time 
active to the sum of time active and dormant. 



luminous steep-spectrum radio sources (Jarvis et al. 
2001). 

It seems clear, therefore, that spectroscopic red- 
shift surveys of radio sources are of the utmost impor- 
tance in making robust measurements of the cosmic 
evolution of the RLF at high redshift. It is also clear 
that, as emphasised by Willott et al. (2001), the next 
generation of radio source redshift surveys should be 
carefully targeted on those objects which make the 
dominant contribution to the radio luminosity den- 
sity H§. Evaluated as a function of cosmic time t, 
H(t) encodes the information needed to estimate cru- 
cial physical quantities like the quantity of heat, or 
entropy, radio sources inject into the inter-galactic 
medium (Yamada & Fujita 2001; Gopal-Krishna & 
Wiita 2001; Rawlings 2002). Current estimates of 
H(t), even at epochs corresponding to the supposedly 
well-studied redshift range 2'^z^3, arc highly un- 
certain because they rely on extrapolating from mea- 
surements of the most luminous radio sources down a 
very steep RLF. Robust luminosity density measure- 
ments require that space densities are measured for 
objects much closer to tiic break in the RLF. 

The RLF is often modelled as a broken 
power law. The break luminosity is close to, but 
above, the dividing line between the two FR 
structural classes for the large-scale radio struc- 
ture of these objects. Willott et al. (1998) found 
that the break in the RLF for radio-loud quasars 
is at logio(i^i5iMif./WHz-isr-i) < 27^ {Ho = 
50 km s~^Mpc^^, SIm = 1 and JIa = 0), wfiile there 
is no evidence for a decline in the co-moving space 
density of RLQs at higher redshift than the peak of 
the RLF at z --^ 2. This is important for radio galax- 
ies, since from unified AGN schemes RLQs and radio 
galaxies are the same objects where the apparent dif- 
ference in their properties is a result of the orientation 
of the radio jets (e.g. Antonucci 1993). 

Surveys such as the 3CRR, 6CE and 7CRS 
(Laing, Riley & Longair 1983; Rawlings, Bales & Lacy 
2001 and Willott et al. 2003, respectively) were de- 
signed in order to study complete, down to a cer- 
tain fiux density limit, spectroscopic samples of radio 
sources. The goal was to study the RLF. However, 
at > 2 these surveys are not deep enough to make 
a good estimate of the density of radio sources close 
to the RLF break. In order to target the radio-source 
population responsible for the bulk of the cosmic heat- 
ing, one needs to study a deeper low-radio-frequency- 



§ Wc define the radio luminosity density by 11 = 
J J Lu[dp/d\ogiQ Lu]d(\ogiQ Lu)diy, where dp/dlogigLi. 
is the CO- moving space density (in units of Mpc~^) of radio 
sources. 

^ This corresponds to logiQ(Z/i5iMHz/WHz~^sr~^) 26 
in our adopted cosmology (Ho = 70 km s~^Mpc^^, Qm = 
0.3 and Oa = 0.7 for an a ~ 0.8 radio source) at tlie typical 
redshift {z ~ 1) of the 3CRR/6CR/7CRS datasets. 
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selected sample around redshift 2-^2. Willott et al. 
(2001) suggested a new study that would target a 
large sample (~ 1000) of radio sources selected from 
the 7CRS survey at a flux density limit of 100 mjy 
at 151 MHz. 

The TexOx-1000 (TOOT; Hill & Rawlings 2003) 
survey is the realisation of a hypothetical survey pro- 
posed by Willott et al. (2001). The primary aim of 
the TOOT survey is to measure spectroscopic red- 
shifts for ~ 1000 radio sources from a low- frequency- 
selected sample reaching a flux-density limit 6*151 ~ 
0.1 Jy over several separate sky patches totalling 
~ 0.03 sr (sec Tables 1 & 2 of Hill & Rawlings 2003, 
for details on the TOOT regions and status of the sur- 
vey). Another objective of the TOOT survey was to 
target radio sources at redshift 2 ~ 2 where the den- 
sity of the radio source population is at its maximum 
(e.g. Rawlings 2003). 

In this paper we study the OO*" targeted sky 
area of the TexOx-lOOO, hereafter TOOTOO, which 
includes 47 radio sources with a flux density limit 
of ~ 100 mJy at 151 MHz. In Section 2 we present 
the 151 MHz and 1.4 GHz radio imaging and opti- 
cal spectroscopic and near-infrared (mostly AT— band) 
imaging data on the TOOTOO sample. In Section 3 
we present a basic analysis on the TOOTOO sample: 
a comparison of spectroscopic and photometric red- 
shifts in Section 3.1; an analysis of radio spectral in- 
dices in Section 3.2; an investigation of relationships 
between radio structure, radio luminosity and redshift 
in Section 3.3; and a discussion of the quasar frac- 
tion in Section 3.4. In Section 4 we present the red- 
shift distribution of the TOOTOO sample (Figure 7) 
and compare it to simulations of the radio sky from 
the SKADS Simulated Skies Semi-Empirical Extra- 
galactic Database (S^-SEX; Wilman et al. 2008). In 
Section 5 we make some concluding remarks. In the 
Appendix A we present notes on each object, pho- 
tometry in the optical and near-IR, as well as a fig- 
ure with near-IR/radio overlays, optical spectroscopy 
and Spectral Energy Distributions (SEDs) for the 47 
TOOTOO objects. 

We use J2000.0 positions and the convention 
for all spectral indices, a, that flux density Su oc 
where v is the observing frequency. We as- 
sume throughout a low-density, A-dominatod Uni- 
verse in which Ho = 70 km s~^Mpc~^, ^Im = 0.3 
and 0.A = 0.7. 



2 DATA AND OBSERVATIONS 

The 70 radio source survey was performed using 
the Cambridge Low Frequency Synthesis Telescope 
(CLFST) operating at 151 MHz with a resolution of 
70x70 cosec(Dec) arcsec^. General principles of its 
operation are described by Rees (1990). The instru- 
ment was used to survey about one hundred fields 
north of declination 30 degrees and well away from the 



galactic plane. The rms noise and hence the limiting 
flux density of the survey varies both within any one 
field and between different fields owing to beam dis- 
tortion, primary beam and ionospheric effects. Some 
data on individual fields and groups of fields have 
been published in various papers (see Riley, Waldram 
& Riley 1999 and references therein). The construc- 
tion of a final unified catalogue is described in Hales 

et al. (2007) and is available via the 7C websitell . The 
final 7C catalogue lists 43683 sources over an area of 
about 1.7 sr. 

The TOOTOO radio-source sample was selected 
from the 7C survey to include sources with peak flux 
densities above ~ 100 mJy at 151 MHz; the final 
lower limit was 95 mJy. The area studied is illus- 
trated in Figure 1; 56 sources lie in this axea. All of 
the TOOTOO objects were observed with the VLA, 
in A and B configurations at 1.4 GHz, where 11 
pointings were used to cover the TOOTOO area (Fig- 
ure 1). The A-array observations were performed on 
12 August 1999 and the B-array on 25 June 2002. 
To avoid excessive bandwidth smearing those obser- 
vations were made using seven 3.125-MHz channels 
centred on 1.370 GHz plus seven 3.125-MHz channels 
centred on 1.444 GHz. Following standard reduction 
procedures in AIPS wo synthesisod maps of all our 
objects using both separate and combined A- and B- 
array visibilities. In this paper we present B-array im- 
ages of the TOOTOO radio sources (Figure Al in Ap- 
pendix A), unless the A-array maps reveal important 
information about the radio structure. 

In the final sample selection all sources with flux 
densities ftBiMRz > 220 mJy were included, as well 
as a sub-set of sources with 95 mJy < Sisimrz < 
220 mJy, close enough to the VLA pointing centres 
to have good maps in the VLA A-array observations. 
The 9 sources excluded are characterised as 'off-edge' 
objects and are typically ~ 30 arcmin away from the 
centre of the positions where the VLA was pointed. 
These are faint enough that no reasonable map could 
be made. Note that this introduces a selection bias 
against fainter radio sources in the TOOTOO survey. 
The final TOOTOO sample includes 47 radio sources. 

The sky area of TOOTOO was measured using a 
Monte-Carlo approach: random numbers wore gener- 
ated, uniform in RA and with a sin 6 distribution in 
Dec, within a rectangle enclosing the all 56 original 
TOOTOO sources. We tested whether the randomly 
selected points lay within 35.7 arcmin (sec Figure 1) 
of any of the 11 VLA pointing positions. The ratio of 
points passing this test to the total number of ran- 
dom points (0.68) was multiplied by the sky area of 
the rectangle. The result is 0.0015 sr or ~ 5.0 deg^. 

Table 1 gives the basic radio data on the 47 
TOOTOO radio sources. The flux densities used sub- 
sequently are shown in bold, and were chosen accord- 



http : / /www. mrao.cam.ac.uk/surveys/7C 
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ing to the following criteria: (i) if the integrated flux 
density has a significantly larger value than the peak 
flux density and is not the result of confusion, we use 
the former and (ii) in the case of a compact radio 
source wo always use the peak flux density. The ra- 
dio spectral indices oIsIm'hz were calculated using the 
1.4 GHz (NRAO/VLA Sky Survey - NVSS; Condon 
et al. 1998) and 151 MHz (7C) flux densities for the 
TOOTOO sources. We also obtained 74 MHz flux den- 
sities for 12 out of 47 TOOTOO radio sources from 
the VLA Low-frequency Sky Survey (VLSS; Cohen 
et al. 2007). The VLSS has a resolution of 80 arcsec 
(FWHM), a noise level of « 0.1 Jy boam"^ and a typ- 
ical catalogue point-source detection limit of 0.7 Jy 
beam" ; the 74 MHz maps are available for searching 
for fainter sources. The angular sizes of the TOOTOO 
sources were measured from the VLA (A or B config- 
uration) images. Wo use our VLA data and the Owen 
& Laing (1989) radio-source classification to place our 
objects in four categories; Classical Double (CD), Fat 
Double (FD), Twin Jet (TJ) and Compact (COM) ra- 
dio sources. CDs correspond to FRIIs where there is 
at least one bright hotspot at the ends of the structure 
in both high- and low-resolution radio maps; FDs rep- 
resent FRI/II division objects, where the radio struc- 
ture is more diffuse on the high resolution radio maps 
than in the case of CDs, and no compact hotspot-like 
features are visible in the A-array radio map; TJs are 
FRI type radio sources which are brightest near the 
centre of the sources; COM radio sources don't show 
any evidence of extended radio emission on ^ 5-arcsec 
scales. 

Optical spectroscopic observations were under- 
taken with the ISIS spectrometer on the William 
Herschel Telescope (WHT**) in August 2000, 2004, 
2006 and 2009 (sec Table 2); TOOT00_1134 was ob- 
served with the Marcario Low Resolution Spectro- 
graph (LRS) on the Hobby-Eberly Telescope (HET^t; 
Hill et al. 1998). All ISIS observations used the R158R 
and R158B gratings with the beam split using the 
5400-A dichroic; the R158B grating was used for 
the blue arm, providing 1.62 A/prxel and 0.2 arc- 
sec/pixel scales with the EEV12 detector. For the 
August 2000 observing run the R158R grating was 
used with the TEK4 detector on the red arm, which 
gave 2.90 A/pixel and 0.36 arcsec/pixel scales. For the 



** The WHT is operated by the Isaac Newton Group of 
Telescopes (ING), at the Roque de Los Muchachos Obser- 
vatory in La Palnia, Spain. 

tt The Marcario Low Resolution Spectrograph is a joint 
project of the Hobby - Eberly Telescope partnership 
and the Instituto de Astronomia de la Universidad Na- 
cional Autonoma de Mexico. The Hobby - Eberly Tele- 
scope is operated by McDonald Observatory on be- 
half of The University of Texas at Austin, the Penn- 
sylvania State University, Stanford University, Ludwig- 
Maximilians-Universitaet Muenchen, and Georg-August- 
Universitaet Goettingen. 



August 2004 and August 2006 observing runs the red 
MARCONI detector was used, which provides sim- 
ilar intrinsic spatial and spectral scales to the blue 
EEV12 detector. For the August 2009 observing run 
the EEV12 was used alongside the REDPLUS detec- 
tor: after 3x2 (spectral x spatial) binning in the blue, 
and 3x1 binning in the red, this gave gave w sA/pixel 
and w 0.44/0.22 (blue/red) arcsec/pixel scales. The 
LRS was used with a 2-arcsec-wide slit and 300 1/mm 
grism giving a resolution of 16.7 A and coverage of 
4150 to 10100 A. Observations and data analysis fol- 
lowed the standard methods described by Rawlings, 
Eales & Lacy (2001). We offset from nearby bright 
stars to either optical or radio positions, choosing the 
position angle (PA) of the slit either on the basis of 
encompassing companion optical objects or to line up 
with the radio axis. All the targets were observed be- 
low an air mass of 1.2, and all but two were observed 
below an air mass of 1.1. All the data presented here 
were taken in photometric conditions with the seeing 
close to 1 arcsec. In most cases spectral features, emis- 
sion lines and/or spectral breaks were detected, and 
the reduced ID spectra arc presented in Figure Al. 
For cosmetic purposes, most of the spectra have been 
smoothed by replacing the value of each spectral bin 
by the average of the values in the bin and its two 
neighbours. All measurements from the spectra were 
made prior to this process, and the results are tabu- 
lated in Table 4. 

Multi-colour optical images from the INT Wide 
Field Camera data were obtained as part of the 
Oxford-Dartmouth 30-Degrees (ODT) survey (see 
MacDonald et al. 2004). The ODT survey is a rrmlti- 
band imaging survey, with limiting depths {5a, 2" 
aperture Vega magnitudes) of C/ = 25.3, B = 26.2, V 
= 25.7, R = 25.4, i' = 24.6, Z = 21.9 and K = 18.5. 
In the case where ODT data were unavailable, esti- 
mates of the photometry were made from the optical 
spectrum of the object when available. 

Near-IR imaging in the /sT— band was obtained 
at the United Kingdom Infrared Telescope ukirtH 
by using either UIST (Howatt et al. 2004) in January 

2003 or UFTI (the UKIRT Fast-Track Imager; Roche 
et al. 2002) in July 2000, December 2000, January 
2001 and 2002 and September 2004. Further infrared 
observations of a 2: ~ 1 TOOTOO sub-sample were 
carried out at the UKIRT in 2003 with UIST and in 

2004 with UFTI with typical exposures of ~ 9-18 min; 
we term this the 'Inskip' sub-sample. UIST is a 1-5 
/xm imagcr-spectrometer with a 1024x1024 InSb ar- 
ray. The instrument is designed to switch quickly and 
accurately between imaging and spectroscopic modes. 
We used the imaging mode, where two plate scales are 
available, 0.12 arcsec / pixel or 0.06 arcsec / pixel. 



tt The United Kingdom Infrared Telescope is operated by 
the Joint Astronomy Centre on behalf of the Science and 
Technology Facilities Council of the U.K. 
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giving fields of view of 2x2 or 1x1 arcmin^. UFTI is 
a 1-2.5 nm camera with a 1024 x 1024 HgCdTe ar- 
ray and a plate scale of 0.091 arcsec / pixel, which 
gives a field of view of 92 arcsec. Each object in the 
'Inskip' sub-sample was observed in the J, H and K 
infrared wavebands. The K-hand observations were 
generally of ~ 2 hours duration in total. J-band ob- 
servations were typically 18-63 minutes, and H-band 
observations typically 18-72 minutes (depending on 
source rcdshift). Tabic Al (sec Appendix A) shows 
the photometric data used to calculate photometric 
redshifts, and Table A2 shows complete photometry 
on each object. 

All near-IR observations used a nine-point jit- 
ter pattern, with offsets of roughly 10 arcsec between 
each 1 minute exposure. The observational data were 
dark subtracted, and masked for bad pixels. A first- 
pass sky flat-field image was created from groups 
of roughly 60-100 consecutive frames of data, which 
were combined and median filtered. This accounted 
for the majority of the pixel-to-pixel variations of the 
chip, but some larger-scale illumination gradients re- 
mained, due to the changing position of the telescope 
through the course of the night. Smaller blocks of 9- 
18 first-pass flat-fielded images were similarly com- 
bined to create residual sky flat-field images, allow- 
ing us to remove the remaining variations. The first- 
pass flat-ficldcd data were used to generate masks 
for any bright objects in the images, and a repeat 
of the whole process allowed the data to be cleanly 
flat-fielded without any contamination from stars or 
galaxies. 

The flat-fielded data for each source were sky- 
subtracted and combined using the IRAF package 
DIMSUM, creating a final mosaiced image of approx- 
imately 115 x 115 arcsec^ which was flux calibrated 
using observations of UKIRT faint standard stars. As- 
trometry corrections were performed to the finalised 
near-IR images using the package karma. Photome- 
try WEis carried out within apertures ranging from 3 
to 9 arcsec in diameter, using the IRAF routine AP- 
PHOT and a single sky annulus. All sources have been 
corrected for galactic extinction using the E{B — V) 
for the Milky Way from the NASA Extragalactic 
Database (NED) and the parametrised galactic ex- 
tinction law of Howarth (1983). 

Optical and near-infrared photometric data were 
used to create SEDs for our objects as shown in Fig- 
ure Al (in Appendix A). Seven of our objects do not 
as yet have spectroscopically-confirmed redshifts. Ta- 
ble 3 summarises the results on the spectroscopic and 
photometric redshifts, as well as the K magnitude 
of each object and whether or not the IDs look re- 
solved in the — band. It also gives the Optical (see 



Section 3.1) and Radio-Optical (see Section 4) classi- 
fication of the TOOTOO radio sources. 

Table 4 presents the measured observed FWHM 
(in km/s) and EW (in A) of each line, the radio lu- 
minosity at 151 MHz I/isiMHz and the fiux of the 
[OII]a3727 emission line, since it is the most frequently 
observed line in the optical in quasars and radio galax- 
ies. In the case where the [Oil] line was not present, 
we measured another narrow line (e.g. [OIIIJasoot), or 
any narrow- line profile of the Lya, [CIV]ai549, [CIII] 
or Mgll emission lines. For objects without emission 
lines in the optical spectrum, a rough estimate of a 
limit on the [Oil] line flux was made as follows: i) 
for galaxies, i.e. in the case the continuum is clearly 
strong and stellar, we took a limit of ~ 10 A which 
corresponds roughly to lines clearly detectable in a 
typical spectrum of « ~ 0.5 ellipticals, observed with 
moderate S/N ratio; ii) for fainter objects in which 
the origin of the continuum is unclear, we supply as a 
limit the fiux of the brightest, but probably spurious, 
line-like feature in the spectrum adjacent to the es- 
timated location (given the photometric redshift) of 
the brightest expected narrow line. 



83 The highest signal-to- noise level is restricted to the cen- 
tral 70 X 70 arcsec^. 
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The TOOTOO survey I: the data 7 



Table 1. Radio properties of the 47 TOOTOO radio sources; values in bold arc those used in the analysis. Columns 1, 
2 & 3 give the name of the object and its 151-MHz radio position from the 7C survey (J2000.0). Column 4 gives the 
angular size of the radio source (A- or B-array in line with Figure Al; the characters 'os' denote that the measurement was 
made from the core to the extent of an one-sided structure). Columns 5 & 6 give the peak flux density and integrated 
flux density per beam at 151 MHz respectively. Column 7 gives the signal-to-noise (S/N) ratio at 151 MHz. Column 8 
gives the flux density at 1.4 GHz as was measured from the B-array VLA maps using IMSTAT task in AIPS; the symbol 
'-|-' indicates that the flux density is the sum of two components. Columns 9 & 10 give the flux density at 1.4 GHz taken 
from the NVSS survey; the symbol '+' indicates that the flux of each component was measured separately and then added 
together. Columns 11 & 12 give the peak flux density and integrated flux density per beam at 74 MHz from the VLSS 
survey; objects that have flux densities below ~ 0.3 Jy are marked as 2cr limits. Flux densities measured directly from 
the VLSS maps using the IMSTAT task in AIPS are marked with an 'm'. Columns 13 &i 14 give the spectral index of 
each object calculated from 1.4 GHz to 1-51 MHz and 151 MHz to 74 MHz respectively. Fluxes in bold have been used to 
calculate the spectral index, making use of the NVSS flux density for each one of the radio sources. Column 15 gives the 
radio classification (R CI) of each object (Owen & Laing, 1989): CD stands for classical double, TJ for twin-jet, FD for fat 
double and COM for a compact radio source. 
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Table 2. Observing log for the optical spectroscopy: In Column 1 we give the name of the object. Column 2 gives 
the observing date. Column 3 gives the coordinates where the slit was centred. Column 4 gives the exposure time (in 
seconds) in the blue 'B' and the red 'R' part of the WHT ISIS spectrum; 'LRS' denotes spectroscopy taken with the HET. 
Columns 5 & 6 give the width and the position angle of the long axis of the slit respectively. 
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14 


06 


53 


+36 


08 


28 


1 


(IxllOB, lx450R + lx600R) 


2.0 


145 


TOOTOO 


.1252 


28Aug2000 


00 


14 


28 


80 


+36 


06 


52 


2 


(IxlSOOB, 2x900R) 


2.5 


109 






17Jul2004 


00 


14 


30 


57 


+36 


06 


44 


8 


(IxlSOOB, 2x900R) 


1.0 


265 


TOOTOO 


.1214 


28Aug2000 


00 


14 


43 


70 


+35 


52 


04 


2 


(IxlSOOB, 2x900R) 


2.0 


116 


TOOTOO 


.1152 


30Aug2000 


00 


14 


49 


61 


+35 


28 


09 


6 


(lxl300B + IxlSOOB, 
lx300R + 3x900R) 


3.0 


65 


TOOTOO 


.1129 


30Aug2000 


00 


15 


04 


40 


+35 


18 


56 


5 


(IxlSOOB, 2x900R) 


3.0 


113 


TOOTOO 


.1090 


31Aug2000 


00 


15 


16 


02 


+35 


03 


26 


5 


(lx300B, lx300R) 


1.5 


87 


TOOTOO 


.1267 


31Aug2000 


00 


15 


30 


89 


+36 


12 


14 


4 


(IxlSOOB, 2x900R) 


2.0 


40 


TOOTOO 


.1188 


31Aug2000 


00 


15 


56 


58 


+35 


39 


49 


2 


(IxlSOOB, 2x900R) 


2.0 


136 


TOOTOO 


.1196 


16Jul2004 


00 


16 


35 


73 


+35 


42 


23 





(IxlSOOB, 2x900R) 


1.5 


256 


TOOTOO 


.1173 


30Aug2000 


00 


16 


59 


54 


+35 


34 


36 





(IxllOOB, lx450R + lx600R) 


1.5 


80 


TOOTOO 


.1228 


30Aug2000 


00 


17 


03 


03 


+35 


56 


18 


1 


(lxl500B, lx600R + lx900R) 


1.5 


103 






18Jul2004 


00 


17 


03 


11 


+35 


56 


18 


1 


(IxlSOOB, 2x900R) 


2.0 


243 


TOOTOO 


.1034 


30Aug2000 


00 


17 


04 


27 


+34 


46 


59 


1 


(IxlSOOB, lx600R + lxl200R) 


2.0 


123 






16Jul2004 


00 


17 


04 


16 


+34 


46 


59 


8 


(IxlSOOB, 2x900R) 


2.0 


111 
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Table 2. (continued) 



(11 




(•'') 


(1) 


(■V) 


(6) 


Object 


Date 


Position (J2000) 


Exposures 


Slit Width 


PA 








Time (s) 


(arcsec) 


n 


TOOT00.1255 


30Aug2000 


00 17 28.32 +36 07 26.5 


(IxlSOOB, lx600R + lx900R) 


2.0 


156 


TOOT00.1048 


31Aug2000 


00 18 16.28 +34 50 35.5 


(IxlSOOB, 2x900R) 


1.5 


28 




18Jul2004 


00 18 16.37 +34 50 36.6 


(IxlSOOB, 2x900R) 


2.5 


28 


TOOT00.1029 


30Aug2000 


00 18 28.06 +34 44 49.2 


(lxl450B, lx450R + lx900R) 


2.0 


123 


TOOT00.1115 


28Aug2000 


00 18 53.88 +35 10 11.8 


(lxl500B, IxOOOR + lx800R) 


2.0 


90 


TOOT00.1132 


30Aug2000 


00 19 20.11 +35 19 35.8 


(lx300B, lx300R) 


1.5 


87 


TOOT00.1250 


30Aug2000 


00 19 54.45 +36 06 20.4 


(lx399B + lx591B + lx859B, 


2.0 


90 








lx300R + lx600R) 






TOOT00.1268 


29Aug2000 


00 21 52.00 +36 12 18.2 


(IxlSOOB, 2x600R) 


1.5 


57 


TOOT00_1251 


29Aug2000 


00 22 19.42 +36 06 36.4 


(IxlSOOB, lx600R + lxl200R) 


2.0 


10 


TOOT00.1203 


29Aug2000 


00 23 31.63 +35 45 04.3 


(IxlOOOB, 2x600R) 


2.5 


90 




30Aug2000 


00 23 31.61 +35 45 02.6 


(lxl200B, 2x600R) 


1.5 
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Table 3. Spectroscopic and photometric redshifts: Column 1 gives the name of the object and Columns 2 & 3 give the 
RA and Dec of the near-IR X-band identification of each radio source respectively. Column 4 gives the optical classification 
(OpCl) of the radio source, where 'G' stands for a galaxy and 'Q' for a quasar; 'a' denotes a broad-absorption-line QSO 
(BALQSO). Column 5 presents the radio-optical classification (R-OpCl): FRIIs correspond to CD objects; FRIs to FD 
and TJ; Q-F corresponds to quasars with flat radio spectral index ('F' denotes flat radio spectral index o:}g^'j|^^ ^ 0.5; 
a '?' denotes a close to 0.5); CSS-Q corresponds to quasars with compa<;t radio structure; FRII-Q denotes a quasar that 
has FRII radio structure; CSS denotes a compact steep spectrum radio source. Column 6 gives the spectroscopic redshift 
as measured from the spectra (Figure Al); a '?' denotes uncertainty or a featureless continuum. Column 7 gives the 
photometric redshift calculated from HyperZ using BC templates (see Section 3.1); redshifts corresponding to secondary 
best-fit templates are marked with '2nd'. Values in brackets are deemed uncertain because there is no clear step change in 
flux associated with the 4000-A break in the SED (see Figure Al). Column 8 gives redshifts estimated from the K — z 
relation of WiUott et al. (2003) as described in Section 3.1. Column 9 gives the K magnitude of each object in the 
Vega system, measured with 4-arcsec (or 3-arcsec in case of confusion) diameter aperture from the centre of its infrared 
position, denoted as '(4)' (or '(3)'); in the absence of such a measurement we use the one measured from the ODT survey 
(MacDonald et al. 2004), marked with an (O). The symbol 'p' is used in the case where the object is a point source at 
K; applicable for magnitudes if < 18 as a ~10it signal-to-noise ratio is necessary to clarify whether or not an object is a 
point source at K. The symbol '*' denotes data from the 'Inskip' near-IR sample (see Section 2). 



(1) 




(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


Name 




RA 


DEC 


OpCl 


R-OpCl 


spec 




"■pnoiiv — z 


K 
(mag) 


TOOT00.1140 


00 


08 30.8 


+35 21 48.1 


G 


FRI 


0.911? 


1.155 


0.821 


17.0 (4) 


TOOT00.1099 


00 


09 23.7 


+35 05 05.5 


G 


FRI? 


1.397? 


0.470 


0.646 


16.5 (4*) 


TOOT00.1125 


00 


09 36.6 


+35 15 43.1 


Q 


FRII-Q 


1.916 


[2.540] 


0.424 


15.6 (4p) 


TOOT00.1143 


00 


09 46.9 


+35 23 44.8 


G 


FRI 


0.438 


0.370 


0.505 


16.0 (3) 


TOOT00.1233 


00 


09 53.2 


+35 58 23.4 




Q-F 


1.244 


[2.255] 


0.355 


15.3 (4p) 


TOOT00_1022 


00 


10 37.7 


+34 41 23.1 


G 


CSS 


7 


[2.790] 


2.872 


19.4 (4) 


TOOT00.1204 


00 


10 40.6 


+35 45 48.3 


G 


FRI 


0.6395 


0.600 


0.574 


16.3 (4) 


TOOT00.1235 


00 


10 45.5 


+35 59 51.3 


Q 


Q-F? 


0.743 


1.720 


0.833 


17.0 (4*p) 


TOOT00.1224 


00 


10 48.8 


+35 55 49.0 


G 


CSS 




[3.050] 


3.438 


19.7 (4*) 


TOOT00.1291 


00 


10 51.4 


+36 28 29.7 


G 


FRII? 


7 


[1.580] 


0.917 


17.3 (4) 


TOOT00_1107 


00 


11 12.3 


+35 07 20.6 


G 


FRI 


0.300 


2.615 (0.415)^"'* 


1.426 


18.1 (4) 


TOOT00.1180 


00 


11 12.9 


+35 38 00.1 


G? 


FRII? 


1.810 


1.345 


1.624 


18.3 (4) 


TOOT00.1027 


00 


11 17.0 


+34 43 33.8 


G 


CSS 


0.890 


0.655 


3.015 


19.5 (4) 


TOOT00.1195 


00 


11 52.4 


+35 42 20.0 


G 


FRII 


7 


[2.290] 


1.418 


18.1 (4*) 


TOOT00.1069 


00 


12 12.6 


+34 58 30.9 


Q 


CSS-Q 


2.300 


[0.050] (2.036)^"'' 


4.840 


> 20.3 (4) 


TOOT00.1094 


00 


12 16.3 


+35 04 23.4 


G 


CSS 


1.516? 


1.690 


1.616 


18.3 (4) 


TOOT00_1149 


00 


12 18.0 


+35 27 29.2 


G 


FRI 


0.260 


0.150 


0.257 


14.6 (O) 


TOOT00.1298 


00 


12 24.2 


+36 33 10.5 


G 


FRI 


1.287? 


[5.000] (1.491)2"d 


0.985 


17.3 (4) 


l'OOn)0.12()() 


00 


12 31.3 


+35 43 33.2 


G? 


FRII 


0.691 


0.775 


1.031 


17.4 (4) 


TOOT00.1215 


00 


12 45.9 


+35 52 19.1 


G 


FRI? 


0.278 


1.740 


0.306 


15.0 (O) 


TOOT00.1240 


00 


13 05.3 


+36 01 51.0 


G? 


FRII 


2.543? 


[4.990] 


2.185 


18.9 (4) 


TOOT00_1289 


00 


13 12.2 


+36 27 16.1 


G 


FRII 


1.784? 


[1.255] 


1.227 


17.8 (4) 


TOOT00.1072 


00 


13 13.3 


+34 59 40.8 


G 


FRII 


0.577 


0.715 


0.441 


15.7 (4) 


TOOT00.1134 


00 


13 21.2 


+35 20 07.6 


G 


FRI 


0.311 


0.365 


0.259 


14.6 (4) 


TOOT00.1244 


00 


13 30.1 


+36 03 51.0 


Q 


Q-F? 


1.358 


[0.440] (1.590)^"'! 


2.081 


18.8 (Op) 


TOOT00.1066 


00 


13 48.3 


+34 56 57.6 


G 


FRII 


0.926? 


1.395 


1.382 


18.0 (4*) 


TOOT00.1261 


00 


14 06.6 


+36 08 27.1 


Q? 


FRII-Q? 


2.544 


1.940 (2.696)2nd 


2.365 


19.0 (4) 


TOOT00_1252 


00 


14 30.2 


+36 06 43.4 


G 


FRII? 


7 


[1.670] 


3.229 


> 19.6 (4) 


TOOT00.1214 


00 


14 43.6 


+35 52 05.3 


Q? 


FRII-Q? 


3.081 


[2.360] 


1.882 


18.6 (3) 


TOOT00.1152 


00 


14 49.7 


+35 28 11.1 


G 


FRII 


7 


[0.275] 


3.310 


19.6 (4) 


TOOT00.1129 


00 


15 04.3 


+35 18 56.9 


Q? 


FRII-Q? 


1.860 


[2.905] 


4.508 


20.2 (4) 


TOOT00.1090 


00 


15 15.9 


+35 03 27.7 


G 


FRI 


0.201 


0.290 


0.253 


14.6 (4) 


TOOT00.1267 


00 


15 31.0 


+36 12 16.5 


G? 


FRII 


0.968 


1.160 


0.873 


17.1 (4*) 


TOOT00.1188 


00 


15 56.3 


+35 39 52.1 


G? 


FRII 


1.417 


0.945 


1.650 


18.3 (4) 


TOOT00.1196 


00 


16 35.7 


+35 42 22.8 


G? 


FRII? 


7 


[1.030] 


1.662 


18.4 (4) 


TOOT00.1173 


00 


16 59.5 


+35 34 35.9 


G 


FRI 


0.332 


0.300 


0.367 


15.3 (4) 


TOOT00.1228 


00 


17 03.0 


+35 56 18.4 


G 


CSS 


1.135? 


0.100 


1.658 


18.4 (4) 


TOOT00.1034 


00 


17 04.8 


+34 46 56.5 


G 


FRI 


0.580 


0.695 


0.523 


16.1 (4) 


TOOT00_1255 


00 


17 28.2 


+36 07 27.2 


G 


FRII? 


0.582 


0.730 


0.750 


16.8 (4*) 


TOOT00.1048 


00 


18 16.5 


+34 50 36.2 


G? 


FRII 


1.943 


[0.945] 


1.074 


17.5 (4p) 


TOOT00.1029 


00 


18 28.0 


+34 44 49.5 


G 


CSS 


0.737 


0.835 


0.472 


15.9 (4) 


TOOT00.1115 


00 


18 53.9 


+35 10 11.4 


G 


FRI? 


0.416 


0.450 


0.470 


15.9 (4) 


TOOT00.1132 


00 


19 20.1 


+35 19 36.2 


G 


FRI? 


0.183 


0.155 


0.312 


15.0 (4) 


TOOT00.1250 


00 


19 54.4 


+36 06 22.2 


Q 


FRII? 


1.350 


2.310 


1.346 


18.0 (4p) 


TOOT00.1268 


00 


21 52.0 


+36 12 18.4 


Q? 


Q-F 


2.015 


[0.880] 


1.142 


17.6 (4p) 


TOOT00.1251 


00 


22 19.0 


+36 06 29.6 


G? 


FRII 


2.490 


[1.050] 


2.408 


19.1 (4) 


TOOT00.1203 


00 


23 31.6 


+35 45 04.2 


G 


FRII? 


1.397 


1.195 


1.010 


17.4 (4*) 
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Table 4. Emission line properties: Column 1 gives tiie name of tiie object. Columns 2 & 3 give the measured (observed) 
values of tiie equivalent width (EW in A) and the FWHM (in km/s) of the most prominent emission line in the optical 
spectrum. Column 4 gives the flux of the [OIl]3727 emission line, Sii„e in units of 10~^^ Wm^'^, as measured from 
the spectrum of each object; in the case where the [Oil] line is not present we use the brightest available line as shown; 
'n' denotes measurement of a narrow line profile at FWHM using a Gaussian fit; a ' — ' is used when no spectroscopy 
is available. Column 5 gives the emission line used in the calculations. Column 6 gives the base-10 logarithm of the 
rest-frame luminosity at 151 MHz, which is used in Figures 4, 5 & 6. 



(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


Name 


EW 


FWHM 




Emission 


logioC 




(A) 


(km/s) 


(10-19 
W m-2) 


Line 


i-lSlMHz/ 

[WHz-isr-1]) 


1 \J\J i UU_1 i^U 






^ n on 


mill 


Ofi Q1 


1 kj\j i uu_iuyy 


98 


/1 1 

4iD 


9.10 


[OllJ 


26.21 




1 act 
ioy 




( U.U 


Lya^ 




1 \J\J i UU_i 140 






•C U.Oz 


[UllJ 


O/l 


1 \J\J i UU_izoo 


1 T 


1 Q^/l 




OTTTl 


ZO.DD 


TT^/^^TTin 1 noo 
1 kJkJ 1 vjyj^lxjZZ 






<. O.DO 




ZD. ( / 


1 yJ\J i UU_i^U4 


21 


388 


1.20 


\r\ 1 ii 
[UllJ 


25.14 


i kJkJ i UU_l^oO 


30 


524 


21.4 


fMTTl 

[UllJ 


25.72 


1 KJKJ i UU_izz4 










27.07 








^ n ni 

< u.yi 


[UllJ 




1 yjKJ i UU_iiU ( 


io 


1 OQ 

lyo 


n '3 1 
U.oi 


[UllJ 


OA fit; 
Z4.00 


i yJyJ 1 UU_i ioU 


yo 


/I Q/1 


Qn 




Ofi A A 
ZD. 44 


i UU 1 UU_iUz ( 


22 


954 


0.22 


[UllJ 


25.13 


i UU 1 UU-iiyo 






< 0.20 


[UllJ 


26.05 


i UU 1 UU_iUoy 


1296 


10870 


1.30 


T 11 

Lya 


26.76 


i UU 1 uu_iuy4 


290 


1402 


0.65 


IVlgll 


27.43 


i L^LJ 1 UU_i i4y 






< z.Uo 


[UllJ 


O/I 70 
z4. ( U 


i UU 1 UU_izyo 


27 


574 


1.11 


[UllJ 


26.00 


1 yjKJ i UU_izUU 


1 OQ 


'7QQ 


0. ( u 


[UllJ 


Of; QQ 
ZD. 00 




23 


(4:6 


2.70 


[UllJ 


24.84 


1 KJyJ i UU_iz4U 


140 


1239 


c c/1 
O.D4 


Lya 


26.89 


i KJ\J L UU_izcSy 


'7/1 

/4 


160 


1 /I Q 


IVlgil 


26.54 


1 kJkJ i UU_iU ( z 






< 0.68 


[UllJ 


25.75 


T'/^^/^lTTin 1 1 Q/1 
1 VJW i UU_ii04 






^ 1 "70 

•< i. ( y 


[UllJ 


oc; CO 
zO.Oz 


1 KJKJ i UU_iz44 


336 


4526 


10.0 


I -1 \ 


25.92 


TOOT00_1066 


142 


1342 


1.14 


[UllJ 


25.50 


TOOT00_1261 


606 


4755 


3.60 


Lya" 


26.78 


TOOT00_1252 










27.06 


TOOT00_1214 


444 


2055 


1.40 


Lya" 


26.80 


TOOT00_1152 






< 0.83 


Lya 


27.24 


TOOT00_1129 


277 


1185 


31.2 


Lya" 


27.21 


TOOT00_1090 


12 


2453 


7.00 


[Oil] 


24.26 


TOOT00_1267 


1324 


104 


0.94 


[Oil] 


26.30 


TOOT00_1188 


113 


1102 


1.80 


[Oil] 


25.94 


TOOT00_1196 






< 0.21 


Mgll 


26.64 


TOOT00_1173 


17 


2127 


5.00 


[Oil] 


24.64 


TOOT00_1228 


42 


381 


1.35 


[Oil] 


26.06 


TOOT00_1034 


5 


1004 


0.37 


[Oil] 


25.76 


TOOT00_1255 


28 


361 


0.52 


[Oil] 


25.12 


TOOT00_1048 


454 


1744 


0.68 


Lya" 


27.23 


TOOT00_1029 


25 


658 


0.60 


[Oil] 


25.26 


TOOT00_1115 


111 


813 


3.37 


[Oil] 


25.22 


TOOT00_1132 


47 


680 


10.9 


[Oil] 


24.53 


TOOT00_1250 


141 


3865 


0.75 


GUI]" 


26.44 


TOOT00_1268 


401 


1285 


6.30 


Lya" 


26.17 


TOOT00_1251 


225 


933 


0.14 


Lva" 


26.95 


TOOT00_1203 


134 


649 


35.8 


[Oil] 


26.94 
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3 ANALYSIS 

3.1 Optical classification and redshifts 

The optical spectroscopy of the 47 TOOTOO radio 
sources provided 40 out of 47 redshifts. For the other 7 
objects there was either a lack of emission lines, or the 
spectrum was totally blank. Thus the TOOTOO radio- 
source sample is 85% spoctroscopically complete. Us- 
ing the results of the spectroscopy, and in combina- 
tion with individual characteristics for each of them, 
we classify the 47 TOOTOO radio sources according 
to the following optical criteria: 

i) Q: Objects with definite broad lines in their optical 
spectrum (6/47); all of them have blue SEDs and all 
apart from one (TOOT00_1069) are point sources at 
K. 

ii) Q?: Objects without definite broad lines in the 
optical spectrum, but that are either point sources at 
K, or there is a clear hint of broad lines in the opti- 
cal spectrum, or both (4/47); all objects have a blue 
SED. 

iii) G?: Evidence from the optical spectrum that at 
least one high-excitation (see e.g. Jackson & Rawlings 
1997) narrow emission line exists (8/47). 

iv) G: All the objects that don't fall in the previous 
categories (29/47); all cases are resolved at K. 

One of the TOOTOO 'Q' objects, TOOT00.1233, 
is possibly a broad-absorption-line QSO (BALQSO; 
see notes on objects in Appendix A), as shown in 
Figure Al. 

We calculate photometric redshifts ZphotBC with 
the HyperZ photometric code (Bolzonella et al. 2000) 
using photometry from f/— band (> 3600 A) to the 
Jf— band (2.2 /^m) and Bruzual-Charlot (Bruzual & 
Chariot 2003; BC) templates. In nearly all cases we 
let reddening (Calzetti et al. 2000) be a free param- 
eter (see notes on objects in Appendix A for a few 
exceptions), but the derived values of Av were typ- 
ically small. Results are shown in Table 3. In many 
cases we put the value obtained in square brackets, 
as the probability density function for the redshift is 
not sharply peaked, typically because the SED is not 
galaxy-like or is too sparsely sampled above the pu- 
tative 4000 A break. 

In Figure 2a we present a comparison of spec- 
troscopic and photometric redshifts. The Q and 
Q? type objects fall off the correlation line, which 
is unsurprising because all but two of them have 
a highly uncertain photometric redshift due, pre- 
sumably, to significant contributions to their SEDs 
from non-stellar light causing the galaxy HyperZ 
templates to be inappropriate; the exception is 
TOOT00_1244 for which the spectroscopic and pho- 
tometric «photBC have similar values. The 'G' type 
objects with high «spec/^photBC typically fall off the 
correlation, because they have a highly uncertain 
ZphotBc; the exceptions being TOOT00_1099 and 
TOOT00_1228, although the latter has an uncer- 



tain spectroscopic redshift. In TOOT00_1215 the 
disagreement between spectroscopic and photomet- 
ric HyperZ redshift probably reflects the fact that 
more photometric points are needed for an accu- 
rate fit of the BC template. In Figure 2b we see 
that quasars tend to have lower photometric redshifts 
than their spectroscopic ones, with the exception 
of TOOT00_1069, presumably because their K-hand 
light is contaminated by non-stellar emission. Ob- 
jects TOOT00_1027, TOOT00_1107, TOOT00_1129, 
TOOT00_1069 are all seemingly intrinsically faint ob- 
jects in the near-IR /sT-band, which yields the high 
2photK-z value (see Willott et al. 2003). 

Due to a ~85% (40 out of 47 objects) spectro- 
scopic completeness we only need to use photometric 
redshifts for 7 out of the 47 objects. For these 7 ob- 
jects we use a photometric redshift calculated from 
the K — z relation of Willott et al. (2003; hereafter 
ifw - 2 relation) . The Kw - z fits the 3CRR, 6CE and 
7CRS data sets, where the K magnitude is aperture 
and emission line corrected: 

Kw = 17.37 + 4.53 x (logu, z) - 0.31 x (logi„ zf, (1) 

where K is the iC— band magnitude and z the redshift. 

When using the iiTw — z relation we kept in mind 
that the K magnitude of our sample is not emission- 
line or aperture corrected. This means that the K^/^—z 
relation may give a slightly incorrect estimate for 
the photometric redshift of our objects. We believe, 
though, that these errors are negligible for our sample. 
According to Willott et al. (1999), one expects the line 
flux to scale with radio flux density at K-hanA, so the 
line contamination of the A'-band magnitude should 
be small in TOOT. Additionally, we chose not to per- 
form aperture or emission line corrections in our K 
magnitude for the following reasons: (i) above redshift 
z > 0.6 aperture corrections are ~ 0.05 mag (Eales et 
al. 1997); (ii) most of the objects have i^-band magni- 
tude measured in the same aperture, apart from some 
exceptions due to confusion by a nearby object (see 
Tabic 1 and Appendix A) and any corrections would 
be highly dependent on the assumed light spatial pro- 
file which is uncertain. In our analysis, whenever we 
use the redshift calculated from the Kw — z, it is only 
for objects at high redshift z > 0.9, where line and 
aperture corrections, although uncertain, are probar 
bly small. 

3.2 Radio classification, spectral indices and 

sizes 

Figure Al (see Appendix A) presents near-IR/radio 
overlays for all the TOOTOO objects, where either the 
A- or B-array VLA maps were used. Another classi- 
fication we use is based on their radio structure, as 
shown in Table 1. In the same figure we also present 
optical spectra and SEDs that were constructed from 
the photometric data (Table Al in Appendix A), 
where the best fit BC templates are shown. In the 
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Figure 2. a) Left; Spectroscopic versus photometric redshift calculated from HyperZ. Symbols indicate optical classifi- 
cation as explained in Section 3.1: filled circles for quasars 'Q', blue filled triangles for possible quasars 'Q?', black filled 
squares for possible galaxies 'G?', and black squares for secure galaxies 'G'. The black solid line is the best fit line for 
G objects in the Zspoc vs ^photBC correlation, and was calculated using the LINFIT function in IDL, where the objects 
without spectroscopic redshifts were not included in the calculation: Zspec = 0.50 X ZphotBC + 0.37; the linear Pearson 
correlation is 0.548 and the Spearman correlation is 0.568 with a 99.53% probability for a correlation. Objects with un- 
certain photometric redshift are marked with a fiUed green circle; the character '?' denotes objects with an uncertain 
spectroscopic redshift. Sources that fall off the dashed blue ^spcc = ^phot line, and do not have an uncertain photometric 
redshift, are marked with their name. The 7 objects without spectroscopic redshift have been omitted, b) Right: Spec- 
troscopic versus photometric redshift calculated using the ii'w — z relation. Symbols are the same as in figure a on the 
left. The black solid line is the best fit line for G objects in the z^pcc vs ^photK— z correlation, and was calculated as stated 
above: 2;spec = 0.37 X ZphotK— z + 0.43, where the linear Pearson correlation is 0.514 and the Spearman correlation is 0.762 
with a 99.99% probability for a correlation. The character '?' denotes objects with an uncertain spectroscopic redshift; 
objects with uncertain photometric redshift from the HyperZ code are marked with a filled green circle. Sources with 
l^spec — ZphotI > 0.5 are marked with their name. Again, the 7 objects without spectroscopic redshift have been omitted. 
The generalised Spearman correlation coefficient is calculated using survival analysis statistics ASURV (Lavalley et al. 
1992). 



cases where optical photometry was unavailable from 
the ODT, the optical magnitude was estimated di- 
rectly from the spectrum; a mean value of the con- 
tinuum was used to estimate the flux density in each 
optical band where the fluxes measured were approx- 
imately corrected for systematic errors due to hght 
losses from the slit. This value is approximately 25% 
for a 1.5-arcsec wide slit; we chose to use a value cal- 
culated for each object of ~ 10% to 40% dependent on 
the slit width (see Table 2). The errors on the mag- 
nitudes (see Table Al in Appendix A) are taken to 
be equal to the percentage errors estimated for hght 
losses from the slit. 

In Figure 3 we present the 5'74mhz versus S'isimhz 
diagram. The VLSS catalogue provides flux densities 
for 12 (out of 47) TOOTOO radio sources. Direct mea- 
surements from the 74-MHz maps were made for a 
further 11 TOOTOO objects that were not included in 
the VLSS catalogue, but appeared to be detected in 



the 74 MHz maps; the measurements were performed 
using the IMSTAT package in AIPS. For the other 24 
TOOTOO objects, a 2a detection was adopted as an 
upper limit (see Table 1). The median spectral index 
calculated between 74 and 151 MHz including the lim- 
its is a74MH^^ ~ 0.5. This confirms, as expected, that 
the average low-frequency radio spectra approach the 
a ~ 0.5 value expected in emission from un-aged elec- 
tron populations at the low rest-frame frequency of ~ 
200 MHz (using the median redshift z ~ 1.25 of the 
sample; see Section 4). The fact that we have almost 
the same amount of limits above and below a — 0.5 
is re-assuring. The overplotted lines in Figure 3 in- 
dicate that the TOOTOO radio sources not detected 
at 74 MHz are mainly faint enough sources at 151 
MHz that with any reasonable radio spectral index 
they would fall close to the limit of the VLSS sur- 
vey. In Figure 3, we label three cases (TOOT00_1022, 
TOOT00_1244 & TOOT00_1298) which, in Table 1, 
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Figure 3. Flux density at 74 MHz S'74mHz versus flux 
density at 151 MHz Sisimhz- Symbols: red circles de- 
note quasars 'Q', blue triangles denote possible quasars 
'Q?', green stars stand for possible galaxies 'G?', and black 
squares for secure galaxies 'G'. 12 objects were detected by 
the VLSS and plotted with their symbol. Another 11 have 
flux densities at 74 MHz measured directly from the VLSS 
map (see Table 1). Thus, 23 out of 47 TOOTOO objects are 
detected both at 74 and 151 MHz. The other 24 objects, 
that have no measurement at 74 MHz, are indicated as 
2a upper limits and plotted with black arrows. The solid 
black line is for a = 0.5, the dotted black line for a = 1.0, 
the dashed black line for o = 1.5 and the dotted-dashed 
line for q = -0.5. 



have Q!74MH^^ > 1-2. In all of these cases the signal- 
to-noise ratio is < 7 at 151 MHz and < 4 at 74 MHz 
meaning much lower true values of QvImh^^ are within 
the errors. 

In Figure 4 we present the radio luminosity at 
151 MHz versus the radio spectral index of our ob- 
jects, calculated using the 1.4-GHz and 151-MHz flux 
densities presented in Table 1. The median spectral 
index is a\^^^^ = 0.86. In Vardoulaki et al. (2008) 
we have shown that for a 1.4-GHz selected study 
of radio sources (SXDS) roughly 10 times fainter at 
151 MHz than TOOTOO (see Figure 5), the fraction 
of flat-spectrum objects is higher. Some important 
differences between the TOOTOO and SXDS radio- 
source samples can be attributed to the lower radio- 
frequency selection of TOOTOO radio sources. One 
such difference is that there seem to be quite a few 
objects in the SXDS^^ with fiat radio spectral index 
(i.e. a < 0.5). The fraction of SXDS objects with a < 
0.5 is 35 ± 6% (13 out of 37), while ~ 11 ± 3% (4 out 



The radio spectral indices for the SXDS sources were 
calculated using 1.4 GHz and 610 MHz (or 325 MHz) data, 
whereas for the TOOTOO we use 1.4 GHz and 151 MHz flux 
densities; note that is close enough for a rough comparison 
of the samples. 
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Figure 4. Radio Luminosity at 151 MHz LisimHz versus 
the radio spectral index a. Symbols are the same as in 
Figure 3; filled symbols denote objects with spectroscopic 
redshifts and open symbols represent objects with photo- 
metric redshifts. The horizontal lines show the RLF and 
FRl/FRH breaks calculated from the Willott et al. (2003) 
and the Fanaroff & Riley (1974) values respectively us- 
ing a typical steep-spectrum radio spectral index of 0.8. 
The vertical line at o = 0.5 shows the conventional border 
between steep and flat-spectrum sources. 



of 37) have an inverted radio spectral index (i.e. a < 
0). In the TOOTOO sample, only 3 radio sources (~ 6 
± 3%) have a flat radio spectral index, and only one (2 
± 1%) of them (TOOT00_1027), a possible gigahertz- 
peaked spectrum (GPS) object, has an inverted ra- 
dio spectral index (see Table 1). The other two flat- 
spectrum objects, TOOT00_1233 and TOOT00_1268, 
are Q and Q? objects respectively. TOOT00_1235 & 
TOOT00_1244 have radio spectral indices a close to 
0.5 and are probably core-jet objects (e.g. Augusto et 
al. 1998). These radio sources are usually moderately- 
flat-spectrum sources (a ~ 0.5 corresponds to freshly 
injected electrons) often with double-sided kpc-scale 
jet-like structures. Both these objects with a ~ 0.5 
have linear projected sizes D ~ 100 kpc, as can be 
seen in Figure 6a. The observed core-jet radio struc- 
ture is probably caused by interactions with the in- 
tergalactic medium and projection effects (Paragi et 
al. 2000). The outlier, TOOT00_1196, is either an un- 
usual source or a spurious 7G detection (see Appendix 
A). 

Figure 5 presents the radio luminosity at 151 
MHz versus redshift for the TOOTOO. The flux den- 
sity limits of various radio surveys are shown: 3C, 
6CE, 7CRS (12.4 Jy, 2.0 Jy and 0.5 Jy respectively; 
Willott et al. 2001), TOOTOO (0.1 Jy), and SXDS 

(~ 0.01 Jy at 151 MHzHH; Vardoulaki et al. 2008). 



A typical steep spectrum radio spectral index a = 0.1 
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Figure 5. Radio Luminosity at 151 MHz LisimHz versus redshift z for the TOOTOO sample, a) Left: Symbols are the 
same as in Figure 3; filled symbols represent objects with spectroscopic redshift and open symbols denote objects with 
photometric redshift. b) Right: Symbols denote radio-optical classification: green filled triangles denote FRII-Q objects; 
green open triangles denote FRIIs; blue filled boxes denote FD type FRIs; blue open boxes denote TJ type FRIs; red filled 
circles denote Q-F objects; purple filled stars denote CSS-Q objects; purple open stars denote CSS objects; a '?' denotes 
uncertainty in the radio-optical classification as stated in Table 3. In both plots, the horizontal lines show the RLF and 
FRI/FRII breaks calculated from the Willott et al. (2003) and the Fanaroff & Riley (1974) values respectively using a 
typical steep-spectrum index of 0.8. The flux density limits of 3C, 6CE, 7CRS (Willott et al. 2001), TOOTOO and SXDS 
(Vardoulaki et al. 2008) samples are shown (a = 0.8 was used to convert to 151 MHz fiux density). 



We note that 3 out of 4 objects above redshift z = "i 
are galaxies with photometric redshifts derived from 
the Kw — z relation (see Section 4). The 3 galaxies 
with photometric redshift z > i are, TOOT00_1224, 
TOTO00_1252 & TOOT00_1152 and are very faint at 
K. According to Willott et al. (2003) , the objects in 
the 7CRS are ^ 0.3 mag fainter than the ones in the 
3CRS and 6CE. Since the Kw — z relation fits all three 
datasets, it will over-predict the redshift of radio- 
faint objects. Thus, if we re-calculate the redshift 
using that correction of 0.3 mag for TOOT00_1224, 
TOOTQQ_1252 & TOOTQQ_1152, then we get red- 
shifts z = 2.900, z = 3.810 and z = 2.747 respectively; 
only TOOT00_1152 still has a photometric redshift 

2photK— z > 3. 

The angular size 6 of the TOOTOO objects is pre- 
sented in Table 1. This value was measured from the 
radio maps. A- or B-array, depending on the object 
(see notes on the objects in Appendix A). In cases 
where the radio structure was compact in the B-array 
map but there was evidence of extended structure in 
the A-array data, the latter was used to measure 9. In 



was used to convert from the 2 mjy flux density limit at 
1.4 GHz to 151 MHz. 



cases where the radio source had an one-sided struc- 
ture, 9 was measured from the core to the centre of 
that lobe. Lastly, in the case where the source pre- 
sented a complex radio structure (e.g. TOOT00_1107; 
see Figure Al in Appendix A), the distance from the 
core to each lobe was measured and then added to- 
gether. The angular size 9 was used in the calculation 
of the linear projected size D, which is plotted against 
the radio luminosity at 151 MHz in Figures 6a & 6b. 



3.3 The FRI/FRII structural divide 

The structure of radio sources at low redshifts is di- 
rectly connected to their radio luminosity, where ob- 
jects with log]^Q(Z/i5iMHz/WHz~^sr^) 25 are FRI 
type radio sources and those above that value are 
FRIIs (Fanaroff & Riley 1974) . Another classification 
used in Table 1 is based on the Owen & Laing (1989) 
radio classification according to radio structure (see 
Section 1); in that way we classify the TOOTOO radio 
sources as CDs, FDs, TJs and COM. Finally, we clas- 
sify the TOOTOO objects based on both radio and 
optical data, as presented in Table 3: FRIIs corre- 
spond to CD objects; FRIs to FD and TJ; Q-F corre- 
sponds to quasars with flat radio spectral index (a 1z 
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0.5; a '?' denotes a close to 0.5); CSS-Q corresponds 
to quasars with compact radio structure; FRII-Q de- 
notes a quasar that has FRII radio structure; CSS 
denotes a compact steep spectrum radio source. 

In Figure 6a wc present the radio luminosity at 
151 MHz LisiMHz versus largest projected linear size 
D, where we malce use of the radio-optical classificar 
tion (FRI, FRII, Q-F, CSS; see also Figure 5b). Our 
aim is to investigate whether there is a significant 
number of FRI objects above the FRI/II and RLF 
break in radio luminosity. TOOTOO objects with ra- 
dio luminosities at the FRI/II break are at redshift 
2 ~ 0.5, while the ones with Lisimhz ~ iRLFbrcak are 
at redshift z ^ 1.5 as can be seen in Figure 5. FRII 
type radio sources occupy the area above the FRI/II 
break, as is expected. It is interesting, however, that 
we find 7 FRI type (5 TJs and 2 FDs) radio sources 
above the FRI/II break with 3 out of 7 of the FRIs 
also above the RLF break. Although there is an uncer- 
tainty in the TJ radio structure of several cases, e.g. 
TOOT00.1099 and TOOT00.1115 (see Table 1 and 
Figure Al), we seem able to conclude robustly that 
there is some cosmic evolution between z and 
2; ~ 1 in the FRI/II divide as has been commented on 
previously by Heywood, Blundell & Rawlings (2007). 



3.4 The quasar fraction 

Figure 6b shows the radio luminosity at 151 MHz ver- 
sus the largest projected linear size D. The quasar 
fraction to the total number of objects, is /q = 0.25 
(10 out of 40 objects) above the FRI/FRII break (we 
include Q and Q? type objects as quasars in this cal- 
culation; /q = 0.13 if we include only Q objects). 
Above the RLF break the quasar fraction is 0.27 
(7 out of 26 objects); the quasar fraction drops to 

0. 12 if we exclude the Q? objects. Such values agree 
with previous studies (e.g. Willott et al. 2000) where 
the quasar fraction is ~ 0.1 0.4 over the relevant 
range of radio luminosity 10^^WHz~^sr~^< iisiMHz 
<102''WHz-^sr-\ 

Below the FRI/FRII break, the quasar fraction 
is /q = 0, which also agrees with previous studies. 
These values increase if one studies objects using 24 
/Ltm emission as an indicator of quasar activity, as has 
been done by Vardoulaki et al. (2008) on the SXDS 
radio-source sample. This is because hot dust emis- 
sion at 24 /im is much harder to hide than opti- 
cal broad lines which can be extinguished by small 
amounts of dust. The 'quasar-mode fraction' /qm, 

1. e. the fraction of objects with 'significant' accretion 
rates, as determined from the observed 24 /im flux 
density, to the total number of objects, was found to 
be ~ 0.5 0.9 above the FRI/FRII break and /qm^ 
0.1; some high-accretion-rate objects do exist at low 
radio luminosities. There are no 24 jim data available 
in the TOOTOO region on which to make a study of 
/qm in the TOOTOO sample. 



4 THE REDSHIFT DISTRIBUTION OF 
TOOTOO 

Figure 7a presents the redshift distribution of the 47 
TOOTOO radio sources, with a binning of dz = 0.05. 
The median spectroscopic redshift is Zspec = 1.135, 
whereas the median redshift including the photomet- 
ric redshifts is 2:med = 1.287. This value is larger than 
the median redshift of the 6CE and 7CRS radio source 
surveys (Rawlings, Eales & Lacy 2001; Willott et al. 
2003) oi z ~ 1.1, but we have to take into account that 
the high-redshift objects of our sample tend to have 
uncertain photometric redshifts (see Section 3.1). If 
the Kw — z photometric redshifts are re-calculated 
for an increase of Am = 0.3 mag in all magnitudes 
(i.e. assuming a similar offset from the mean Kw — z 
relation for TOOTOO objects and 7CRS objects), then 
the median redshift drops to Zmed = 1.244; we adopt 
Zmed ~ 1-25. We note that only TOOT00_1252 could 
plausibly be at « ^ 3.5. 

A comparison of the TOOTOO radio-source dis- 
tribution to any other distribution involves correcting 
for the 9 objects that were excluded from the origi- 
nal sample and for objects that are missing since the 
7C data have significant incompleteness approaching 
the 5'i5iMHz = 100 mjy flux density limit (see Figure 
8 of McGilchrist et al. 1990). The weighting factors 
needed to correct the sensitivity variations across the 
TOOTOO 7C data area not available, so we can only 
approximately compare our source counts to those in 
7C. 

We compare the distribution of the TOOTOO 
radio sources to a simulation obtained from the 
SKADS Simulated Skies Semi-Empirical Extragalac- 
tic Database S^-SEX (Wilman et al. 2008). This is a 
set of simulations of the radio sky suitable for plan- 
ning science with the proposed Square Kilometre Ar- 
ray (SKA) radio telescope (Wilman et al. 2008), that 
are constructed to match results from the 3CRR, 
6CE and 7CRS redshift surveys, as well as radio 
source counts. This simulation of the extragalactic 
radio continuum sky allows for large-scale structure 
in the cosmological distribution of radio sources, and 
the types included in the simulations arc radio-quiet 
AGN, radio-loud AGN of 'FRI' and 'FRIT classes and 
star-forming galaxies. Core-jet radio sources are not 
explicitly included in the simulation. Furthermore, 
these 'FR classes' arc determined directly by the ra- 
dio luminosity* * * and not the radio structure of the 
objects (see Wilman et al. 2008). Due to these imper- 
fections, and the fact that our radio-optical classifica- 
tion of the TOOTOO radio sources is structural (see 
Section 3.2), we will name the 'FRI class' in S^-SEX 

*** In S^-SEX (Wilman et al. 2008), the integration 
limits for the radio luminosity function of the FRI ra- 
dio sources are 20.0 ^ login (ii5iMHz/WHz-isr-i ) ~ 
28.0 and those of the FRII radio sources are 25.5 J; 

loglo(-^'151MHz/WHz-lsr-l) ~ 30.5. 
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Figure 6. Radio Luminosity at 151 MHz -LisimHz versus the largest projected linear size D. a) Left: Symbols denote 
radio-optical classification as in Figure 5; a '?' denotes uncertainty in the radio-optical classification as stated in Table 3. 
The horizontal lines show the RLF and FRI/FRII breaks calculated from the Willott et al. (2003) and the Fanaroff & 
Riley (1974) values respectively using a typical steep-spectrum radio spectral index of 0.8. Objects marked with their name 
are discussed in the text, b) Right: Symbols denote optical classification and are the same as in Figure 3; filled symbols 
represent objects with spectroscopic redshifts and open symbols denote objects with photometric redshifts. The horizontal 
lines show the RLF and FRI/FRII breaks calculated from the Willott et al. (2003) and the Fanarofl" & Riley (1974) values 
respectively using a typical steep-spectrum radio spectral index of 0.8. Note that TOOT00_1196 is not plotted since we 
cannot measure an angular size from the radio maps (see notes on the object in Appendix A). 



as the low-Li5i sub-population and the 'FRII class' 
as the high-Li5i sub-population of radio sources. The 
simulation covers a sky area of 20x20 deg^ or 0.1212 
sr, out to a cosmological redshift oi z = 20, and down 
to flux density limit of 10 njy at 151 MHz, 610 MHz, 
1.4 GHz, 4.86 GHz and 18 GHz. 

We searched for objects in the S^-SEX database 
with simulated 151 MHz total fiux density greater 
than 100 mjy. We found 3139 radio sources above 
the flux density limit after rejecting those whose core 
components lay outside the 20x20 deg^ area of the 
simulation. The total flux densities of multiple com- 
ponent radio sources (i.e. FRIs and FRIIs) were de- 
termined by summing together all of the individual 
components of each source, including the few compo- 
nents which were outside the 20x20 deg'^ area. Using 
this full list of radio sources we then constructed 100 
circular sub-fields with the same area as TOOTOO, 
namely 0.0015 sr (radius 1.27 deg.) centred at ran- 
dom positions within the simulation. The mean num- 
ber of objects y from these 100-simuIations is <y> = 
40.1 with a standard deviation, dominated by Pois- 
son errors and the effects of large-scale structure, (jy 
= 8.82. 

The flux density scale of TOOTOO was boot- 
strapped from 6C, so should be accurate at the ± 10% 



level. This is supported by Figure 3, which shows that 
the sources detected at both 74 MHz and 151 MHz 
have spectral indices ~ 0.5, as expected at low fre- 
quencies where the spectral index should reflect the 
injected, i.e. un-aged, power-law index of the under- 
lying distribution in electron energies (e.g. Alexander 
& Leahy 1987). 

There has been no quantitative estimate of the 
incompletenesses and Eddington bias (e.g. Teerikorpi 
2004) in the lower flux density bins of the TOOTOO 
7C data, which are extremely important effects given 
the low signal-to-noise thresholds adopted in the cat- 
alogue (see Table 1). The raw TOOTOO 7C source 
counts are significantly higher than those inferred in 
the 7C survey of McGilchrist et al. (1990), largely be- 
cause of lower significance sources. At the 5*15 imhz — 
100 mJy level, corrections for incompleteness and 
Eddington bias are highly uncertain. Most of the 
TOOTOO radio sources, apart from 9 (see Table 1) and 
the 9 'off-edge' objects, have a signal-to-noise ratio ~ 
5.5, a criterion similar to that adopted by McGilchrist 
et al. (1990); note that there is only one possible spu- 
rious source in our final list (TOOT00_1196; see Ap- 
pendix A) as we have securely detected all bar this 
one source with the VLA. We find 56 sources in 5.0 
deg^ in the TOOTOO region. The source counts in the 
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Figure 7. a) Left: Histogram of the redshift distribution for the 47 TOOTOO radio sources according to radio/optical 
class (see Table 3). The binning on the redshift axis is dz = 0.05. The green colour represents FRIIs, blue represents FRIs, 
red represents flat-spectrum quasars (Q-F) and purple represents CSS objects; the black histogram shows the TOOTOO 
distribution. FRIIs correspond to CD radio sources, FRIs to FD and TJ, Q-F to quasars with flat radio spectral index, 
Q-F? to quasars with a close to the critical value 0.5 (0.5 < ctig^^^Hz ^ Compact Steep Spectrum (CSS) to objects 

with steep radio spectral index (a > 0.7) and compact radio structure, and CSS-Q to quasars associated with a compact 
steep spectrum (a > 0.7) object, b) Right: Model predictions from the S'^-SEX simulation (Wilman et al. 2008) for an 
area of 0.1212 sr, which is scaled down to the TOOTOO area of 0.0015 sr. The binning on the redshift axis is dz = 0.05. 
Objects are marked according to their radio source classification as stated in Wilman et al. (2008); blue denotes high-Li5i 
objects, green denotes I0W-L151 objects and purple stands for GPS sources in the S'^-SEX simulation; RQQ and normal 
galaxies are not presented for clarity. 



TOOTOO 7C region using only > 5.5 a detections are 
24.7 ± 1.6, and thus within the errors of the corrected 
McGilchrist et al. source counts. 

Figure 8 presents the number of objects in the 
TOOTOO sample compared to the 7C objects in the 
same sky area that have flux density limits above 100 
mjy at 151 MHz. This histogram shows that 47 out 
of the 56 objects from the 7C that have Sisimhz ~ 
100 mJy are included in TOOTOO sample. Figure 8 
shows that almost all the difference is confined to the 
lowest (95 mJy < Sisimhz < 115 mJy) bin for reasons 
explained in Section 2 and caption to Figure 1. 

In Figure 8 we also plot the flux density distri- 
bution from the S^-SEX simulation scaled down to 
the 0.0015-sr sky area of the TOOTOO sample. We 
note that the S^-SEX simulation, with or without 
corrections similar to the McGilchrist et al. (1990) 
work, significantly under-predicts the 7C objects in 
the TOOTOO area in the lowest fiux density bins (95 
mJy < SisiMHz < 115 mJy). 

We suspect that the Eddington bias in the 7C 
sample (which includes sources extracted from the 7C 
maps with signal-to-noise ratios as low as ~ 3; see 
Table 1) causes the spike in the lowest-5i5iMHz bin, 
meaning that the exclusion of faint 'off-edge' sources 
(Section 2) in the construction of the TOOTOO sur- 



vey, brings the fiux density distribution closer in line 
between data and simulation. Modelling of the Ed- 
dington bias would be possible, given a known source 
count significantly deeper than the 7C survey, but this 
will only become available with the advent of LOFAR 
(e.g. Rottgering 2007). 

We hereafter assume that the TOOTOO sample 
is close to the true distribution (i.e. the one in the 
TOOTOO area in the limit of infinite signal-to-noise 
ratio in the low- frequency survey data). We compare 
this to the S^-SEX distribution in flux density and 
other properties without any, in any case highly un- 
certain, corrections for incompleteness and Eddington 
bias. With these assumptions, there is a reasonable 
agreement between the 47 TOOTOO radio sources and 
the 40 ± 8.8 objects expected from the simulation (the 
standard deviation is a combination of Poisson errors 
and genuine field-to-field variations due to the large 
scale structure enclosed in the S^-SEX simulation). 

In Figure 9 we compare the measured TOOTOO 
redshift distribution and that predicted by the 
S^-SEX simulation. We calculated the two-sided 
Kolmogorov-Smirnov (K-S test) statistic and associ- 
ated probability to investigate whether data and sim- 
ulation are consistent (Press et al. 1993). The max- 
imum deviation between the cumulative distribution 
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Figure 8. Histogram of the flux density distribution for 
objects in the TOOTOO sky area with flux density S S 
100 mjy at 151 MHz. The black dashed line shows the 56 
sources in the 7C sample that lie inside the area marked 
by the red circles in Figure 1. The red solid line indicates 
the 47 TOOTOO radio sources. The blue dotted-dashed his- 
togram is the S^-SEX simulation scaled down to 0.0015 sr. 
This includes ~ 40 objects. The green 3-dotted-dashed line 
presents the S'^-SEX simulation scaled down to 0.0015 sr 
in which the lower bins (Sisimhz < 0.25 Jy) are weighted 
according to Table 5 of the McGilchrist et al. (1990), plus 
an additional correction takes into account the missing 7C 
objects in TOOTOO. The flnal number of objects in the 
scaled and corrected S'^-SEX simulation is ~ 33. 



of the data and simulation is ~ 0.12 and the signif- 
icance level of the K-S test is ~ 44.46%. This result 
suggests that the real TOOTOO and simulated S^-SEX 
samples are consistent. 

As a further note on the radio-source population, 
Figure 7 demonstrates that there is a broad agree- 
ment between the TOOTOO radio/optical classes of 
the TOOTOO data and the S^-SEX simulation, allow- 
ing for known limitations in the simulation. In the 
TOOTOO sample (Figure 7a) we have 47 objects: 22 
FRIIs, 14 FRIs, 4 Q-Fs and 7 CSS radio sources; one 
of the CSS objects is in fact a GPS radio source. The 
distribution on the right of Figure 7 shows the S'^-SEX 
simulation, scaled down to 0.0015 sr, which includes 
~ 40 objects: ~ 18 high-Lisi objects, ~ 21 low-Lisi 
objects, ~ 0.1 RQQs and ~ 0.2 normal galaxies and ~ 
1 GPS; the normal galaxies and RQQs are not plotted 
in this figure for clarity. 



5 CONCLUSIONS 

In this paper we presented optical spectroscopy and 
optical and near-IR imaging on the 47 TOOTOO radio- 
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Figure 9. Histogram of the redshift distribution for the 
47 TOOTOO radio sources with median jj^cd = 1-287 (85% 
spectroscopic and 17% photometric redshifts, black & red 
lines respectively). The binning on the redshift axis is dz 
= 0.25. We overplot model predictions from the S^-SEX 
simulation for an area of 0.1212 sr, which is scaled down 
to an area of 0.0015 sr (blue dottcd-dashed line) to match 
the TOOTOO sky area, and includes ~ 40 objects. 



source sample from a survey covering 0.0015 sr. We 
have 85% spectroscopic completeness and we estimate 
photometric redshifts for the rest of the sample using 
the photometric redshift code HyperZ or the Kw — z 
relation from Willott et al. (2003). The key points of 
our analysis are: 

• The median redshift for the whole sample is ^mcd ~ 
1.25. This value is slightly higher than the the z ~ 1.1 
of the 6CE and 7CRS surveys. 

• The fraction of 'naked' quasars is 0.13 < /q < 0.25 
above the FRI/FRII break in the 151-MHz radio lu- 
minosity and below that break, the quasar fraction 
drops towards zero. These are similar results to the 
3CRR, 6CE, 7CRS redshift surveys. 

• The total number of TOOTOO objects and their 
distribution are consistent with a simulated distribu- 
tion of radio sources from the SKADS Simulated Skies 
Semi-Empirical Extragalactic Database (S"^-SEX), 
simulations extrapolated from the 3CRR/6CE/7CRS 
datasets. 

• The radio structures of the TOOTOO sample are 
broadly in line with those in the S'^-SEX sample with 
small exceptions, like the lack of core-jet sources in 
the simulation. 

• There is observational evidence from TOOTOO that 
the 'FRI/ir structural divide depends on cosmic 
epoch. We conclude that there must be some cos- 
mic evolution between redshifts 2 = and z = \. 
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It is interesting that the S^-SEX 'FRIs' (or I0W-L151 
sub-population) include objects in-between the clas- 
sic FRI/II break and the RLF, which in real samples 
include some CD sources as well as the FD sources 
counted as FRI in this study. 

• The low fraction of flat-spectrum objects in 
TOOTOO of 6% can be attributed to the low- 
frequency selection of the radio sample. The TOOTOO 
radio-source sample also includes 2 core-jet objects 
with radio spectral indices a ~ 0.5. 
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APPENDIX A: NOTES ON THE TOOTOO 
RADIO SOURCES 

TOOT00_1140 is a galaxy 'G' and is resolved in the 

i^-band. This FD radio source (the two components 
are not compact in the A-array map) is at a spec- 
troscopic redshift z = 0.911. The NVSS data suggest 
the presence of diffuse radio emission that is absent 
in the A/B-array maps. Due to lack of ODT optical 
photometry, we measure the optical magnitudes di- 
rectly from the spectrum, as explained in Section 3. 
The photometric redshift from HyperZ seems to be a 
good fit to the data (see Figure Al), although it does 
not agree perfectly with the spectroscopic one. 

TOOT00_1099 is a possible TJ radio source, 
and a galaxy resolved in tfie near-infrared A"-band. 
The optical spectrum reveals only one clear emis- 
sion line at 8937A, which is extended over ~ 5 arc- 
sec « 43 kpc. We believe that this is [OII]a3727 and 
not [OIII]a5007, since the weaker of that doublet, 
[OIII]a4959, does not appear in the spectrum. The 
[Oil] emission line suggests a redshift z = 1.397. We 
are not concerned that other strong lines, like [CII], 
are not visible, since they fall near strong sky lines 
in the blue part of the spectrum. No other expected 
weak lines can be identified in the spectrum. The pho- 
tometric redshift values estimated from HyperZ and 
the Kw — z differ from the spectroscopic value im- 
plying an under-luminous galaxy in which the 4000 A 
break has not been securely identified in the SED. 

TOOT00_1125 is a spectroscopically confirmed 
quasar at redshift z = 1.916, which is unresolved in 
the /C-band. The B- array radio map reveals a CD 
radio source. The photometric redshift from HyperZ 
does not agree with the spectroscopic, and the Kw — 
z relation underestimates the photometric redshift, 
presumably, in both cases, because of a non-stellar 
contribution to the Ti'-band. 

TOOT00_1143 is a FD radio galaxy (the hot 
spots at the A-array radio map are not compact) at 
redshift z = 0.438, and is resolved in the /sT-band. We 
use the peak flux density at 151 MHz and 1.4 GHz in 
our analysis, since we believe the integrated flux den- 
sity is affected by confusion as indicated by a NVSS 
map of the area. There is a fairly good agreement 
between spectroscopic and photometric redshifts. 

TOOT00_1233 is a quasar at redshift z = 0.438 
with a flat radio spectral index, and probably a COM 



radio source. A comparison of the VLA B-array and 
NVSS flux densities suggests time variability. This is 
possibly a broad-absorption- line QSO (BALQSO), al- 
though the fact that the blue and red spectra were 
joined where the Mgll line is, causes some concern 
regarding this classification. The offset between the 
tentative 6000 A absorption and the Mgll resonance 
line indicates a speed of w 0.1c of the outfiow, which 
is not unreasonable. The BC galaxy templates obvi- 
ously provide a very poor fit to the photometric data, 
since the SED is flat, as expected in an unobscured 
quasar. 

TOOT00_1022 is a COM radio source. The op- 
tical spectrum taken on August 2000 (PA = 9°) is 
completely blank and not presented here. The optical 
spectrum taken on August 2006 (PA = 140°) shows a 
featureless faint continuum down to 4000 A, putting a 
limit on the redshift of ^ 3.4. HyperZ provides a poor 
flt to the photometric data; more photometric points 
are needed in the near-infrared to estimate a more 
accurate photometric redshift. We use the Kw — z 
redshift for this object. 

TOOT00_1204 is a FD radio galaxy at z = 
0.6395. The high value of the NVSS flux density is 
not due to confusion, since there are no nearby ra- 
dio sources in a 2-arcmin radius; significant amount 
of flux is invisible in the A- and B-array data. Due to 
the absence of ODT optical photometry we measure 
the optical flux directly from the spectrum (see Sec- 
tion 3.2). There is a fairly good agreement between 
spectroscopic and photometric redshifts. 

TOOT00_1235 is a spectroscopically confirmed 
quasar and probably a COM radio source. In Fig- 
ure Al we present the A-array VLA map, where the 
radio structure looks stretched along one axis; this is 
an artifact caused by bandwidth smearing due to the 
position of the radio source at the edge of the VLA 
primary beam (see Figure 1). We classify this quasar 
as a Q-F?, since the value of a is close to 0.5, which 
also suggests that this is a core-jet radio source. There 
is a fairly good agreement between spectroscopic and 
zkw-z redshifts, contrary to the zbc one; this result 
is expected since the BC templates do not fit a quasar 
SED weU. 

TOOT00_1224 is a compact radio source; the 
A-array map is bandwidth smeared since the object is 
at the edge of the VLA primary beam (see Figure 1). 
Two optical spectra taken at different PAs and with 
different slit widths (Table 2) are completely blank. 
As the photometric redshift indicates, this is prob- 
ably due to the faintness of the object. We use the 
ZKyf-z redshift for our calculations since the photo- 
metric 2bc redshift is highly uncertain. As can be seen 
from Figure Al, the optical magnitudes from ODT 
are 'bright', but yet the spectrum is invisible. This 
can be explained by the fact that in spectroscopy the 
optical slit only captures a part of the light from the 
object, while in photometry more of the light gets ob- 
served due to the bigger apertures. The optical pho- 
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tometry goes down to ~ 4000 A, which puts a limit 
on the redshift of the object of ^ 3.4. 

TOOT00_1291 is a CD? radio source, since the 
eastern hotspot is compact in the A-array radio map. 
The optical spectrum is blank, so we use HyperZ to 
calculate a photometric redshift. The BC templates 
do not fit the data well; more near-IR photometric 
points are needed for a more accurate fit. We use the 
photometric redshift calculated from the Kw — z re- 
lation for the analysis. 

TOOT00_1107 is a TJ radio galaxy a,t z = 
0.300. The radio map shows a very diffuse source. 
From the radio overlay in Figure Al we notice that 
the extended radio structure is bent backwards as ex- 
pected if the source of the jets is moving with respect 
to an intra-cluster medium. We present the secondary 
best-fit photometric redshift from HyperZ, since that 
value is closer to the spectroscopic redshift; no red- 
dening law was used to calculate the photometric red- 
shift. The ZKyf-z does not agree with either spectro- 
scopic or photometric redshifts, implying an intrinsi- 
cally faint host galaxy. 

TOOT00_1180 is probably a rather one-sided 
CD radio source and a reddened quasar at z = 1.810, 
since the expected broad emission lines (like Lya and 
CIV) appear to be narrow in the spectrum of Fig- 
ure Al. We present the A-array radio map since it 
reveals the extended structure of the radio source; 
the radio structure is not bandwidth smeared since 
the source is close to the VLA pointing position. 

TOOT00_1027 is a compact radio source at z 
= 0.890, a point source at K and a possible GPS ob- 
ject, since it has an inverted radio spectral index. This 
spectral turnover might be caused by synchrotron 
self-absorption (e.g. Snellen et al. 2000) or free-free 
absorption (e.g. Sawada-Satoh et al. 2000). Appar- 
ent extended radio components in the maps of this 
source are almost certainly artifacts due to imperfect 
calibration. The photometric redshift calculated from 
the Kw — z is very high compared to the other two 
redshifts, implying a faint host galaxy. This agrees 
with the findings of Snellen (2008) that GPS radio 
sources correspond to fainter hosts than other radio 
sources. 

TOOT00_1195 is a CD radio source with 
prominent hot spots at the end of the radio structure. 
The optical spectrum shows only a faint continuum 
without clear emission lines or any break. HyperZ pro- 
vides a very poor fit to the data. We use zk^-z in 
the analysis. 

TOOT00_1069 is a possible COM (or margi- 
nally extended) radio source and a spectroscopically 
confirmed quasar at z = 2.300 with prominent broad 
emission lines. Obtaining this redshift was a triumph 
of 'blind spectroscopy' (Rawlings, Bales & Warren 
1990) as a wide (4-arcsec) slit was placed North-South 
in an attempt to cover all plausible radio components. 
The A-array radio map is bandwidth smeared, which 
is not helpful in making a reliable radio classification. 



We classify it as a compact-steep-spectrum quasar 
(CSS-Q), as indicated by the steep radio spectral in- 
dex, QisIm'hz = 1-49, and the optical spectrum of a 
quasar (see Figure Al). Both photometric redshifts 
arc unrealistic as expected if the SED is dominated 
by non-stellar emission. We assign an upper limit to 
the K magnitude, since the signal-to-noise ratio is not 
high enough to distinguish any associated K object 
from the background noise. 

TOOT00_1094 is a compact radio source with 
faint continuum and a probable emission line at 7040 
A in the red part of the optical spectrum. The photo- 
metric redshifts suggest that this emission line could 
be Mgll, giving a redshift z = 1.516. The photomet- 
ric redshift fit from HyperZ could be improved if more 
photometric points between I and K were available. 

TOOT00_1149 has a TJ radio structure. This 
radio galaxy is at z = 0.260, where spectroscopic and 
photometric redshifts seem to be in excellent agree- 
ment. We don't have a K-hand image from UKIRT 
for this object, so we use the K image from the ODT 
survey. 

TOOT00_1298 is a T,J radio source probably 
at 2; = 1.287 from likely [Oil] and associated red con- 
tinua in the spectrum. We do not trust the photomet- 
ric redshift estimated from HyperZ, since only three 
photometric points were used in the fit. The zk^^-z 
value is slightly different from the spectroscopic and 
photometric redshift. 

TOOT00_1200 is a CD radio source with 
prominent hot spots at both ends of the radio struc- 
ture, that are visible in both B- and A-array VLA 
maps. The optical spectrum has a plethora of nar- 
row emission lines, placing the object at redshift z = 
0.691. There is a blue excess in the SED. 

TOOT00_1215 is a galaxy at 2 = 0.278 with a 
compact radio component coincident with the galaxy 
and radio emission slightly elongated to the west; 
hence we classify it as TJ?. The value of the pho- 
tometric redshift from the Kw — z is very close the 
spectroscopic one. The redshift calculated from Hy- 
perZ has a much higher value, probably because more 
photometric points are needed for an accurate fit; no 
reddening law was used to estimate zbc- We don't 
have a if-band image from UKIRT for this object, so 
we use the K image from the ODT survey. 

TOOT00_1240 is a large CD radio source 2.5 
arcmin long, possibly at spectroscopic redshift 2 = 
2.543?. The exposure times used in the first attempt 
at spectroscopy (August 2000) of this object were ac- 
cidentally far too short to detect it. The fact that the 
K position of the object is close to a spectroscopically 
confirmed M-star (RA: 00 13 05.2 & Dec: +36 01 48.1; 
marked with 'M' in Figure Al) also makes it hard to 
get a photometric redshift. We managed to get a spec- 
trum of the M-star and the bright galaxy south-west 
of the object ID, marked with 'G' in Figure Al, at 2 = 
0.191. In August 2004 we targeted the object north of 
the west radio lobe with an associated compact radio 
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component (see Figure Al) which is a galaxy sd, z = 
0.556. The blue spectrum from the August 2009 ob- 
serving run has continuum emission blueward of 4290 
A, but, as this becomes increasingly contaminated by 
leakage from the M-star at redder wavelengths, it is 
hard to assess the colour of the object. We show in 
Figure Al only the blue-arm spectrum in which there 
are possible Lya and NVaai24o lines. Along the slit 
we measured a redshift of z = 0.193 for a galaxy close 
to the western liotspot at RA: 00 13 01.36 & Dec: 
+36 01 57.04. The if— band image of this area ex- 
cludes the area where the east lobe is located. In Fig- 
ure Al wo present the i^— band/radio B-array over- 
lay. Below it, we give a DSS image of the area, where 
the double radio structure is clearly visible. The pho- 
tometric redshift from HyperZ is not reliable: more 
photometric points are needed to provide a better fit 
to the SED. The value of photometric redshift from 
the Kw — z relation (zky^-z ~ 2.185) is close to the 
tentative spectroscopic redshift. 

TOOT00_1289 is CD radio source, since the ra- 
dio hot spots do not disappear in the A-array VLA 
map. The optical spectrum indicates a possible red- 
shift of 2; = 1.784 although, if true, there are no hints 
of Lya at the expected location. The photometric red- 
shift from HyperZ is highly uncertain; more photo- 
metric points are needed for an accurate fit. 

TOOT00_1072 is a giant eUiptical galaxy with 
a CD radio structure, since the compact hot spots are 
also visible in the A-array map, and a clear absorp- 
tion spectrum, suggesting a spectroscopic redshift z 
= 0.577. We have fairly good agreement between pho- 
tometric and spectroscopic redshifts, and the best-fit 
EC template fits the photometric data points well. 

TOOT00_1134 is a radio galaxy at z = 0.311. 
The photometric redshift from HyperZ is a good fit 
to the data and agrees with the spectroscopic value; 
no reddening law was used in the calculations. The 
integrated radio flux densities include a contribution 
from a separate radio source to the south-east (as 
indicated by a NVSS map of the area); this second 
object is associated with a galgixy that, from its SED, 
may well be in the same cluster. We use the peak flux 
densities at 74 MHz, 151 MHz for our analysis. For 
the 1.4-GHz flux density we use the value measured 
from the B-array VLA map using the package AIPS: 
we use a box around the radio source, excluding the 
radio source to the south-east of the object. 

TOOT00_1244 is a spcctroscopically confirmed 
quasar at z = 1.358 and a compact radio source. We 
classify it as a Q-F?, since the radio spectral index has 
a value close to 0.5, which also suggests this may be a 
core-jet radio source. The photometric redshift is not 
reliable, as is expected if its blue SED is dominated by 
non-stellar emission. We don't have a K-hand image 
from UKIRT for this object, so we use the K image 
from the ODT survey. 

TOOT00_1066 is a FD radio source, since the 
double radio structure seen in Figure Al disappears in 



the A-array radio map. The spectroscopic redshift is 
probably z = 0.926, although difi'erent from the pho- 
tometric redshifts. We use the peak flux densities at 
151 MHz and 1.4 GHz, due to confusion as indicated 
by a NVSS map of the area. 

TOOT00_1261 is a spectroscopically confirmed 
quasar that appears to be reddened, since the ex- 
pected broad emission lines, like Lya and CIV, are 
broad only in their wings. The A-array radio map 
reveals a CD radio structure. The apparent offset be- 
tween the K and radio positions (Figure Al) is within 
the uncertainty of the astrometry. The SED secondary 
best-fit is surprisingly, and presumably fortuitously, 
good considering the BC templates are not expected 
to fit quasar SEDs very well. We use the peak flux 
densities at 151 MHz and 1.4 GHz, due to confusion 
as indicated by the NVSS map of the area. 

TOOT00_1252 is a possibly one-sided radio 
source; we clEissify it as CD?. The west 'lobe' is ~ 
45 arcsec from the 'core' which may be a true core 
plus a short eastern lobe (5i.4GHzint = 18.9mJy and 
>S'i.4GHzpcak = 14.4 mjy). The K detection is 2.7" 
South- West of the peak radio position. We assign an 
upper limit to the K magnitude measured from the 
/f-band image, since the signal-to-noise ratio is not 
high enough in order to distinguish any K object from 
the background. The optical spectrum taken on Au- 
gust 2000 (at PA = 109°) is blank in the blue and 
shows signs of continuum in the red. The spectrum 
taken on July 2004 (at PA = 265°) is completely 
blank, with confidence in correct pointing as the slit 
was pointed in a way to observe as many objects as 
possible along the slit. Deeper observations could pro- 
vide a reliable optical spectrum and an accurate opti- 
cal position for the object. The HyperZ fit gives only 
a lower limit to the photometric redshift since only 
upper limits are used in the calculations; more pho- 
tometric points are needed to improve the fit. We use 
the photometric redshift from the Kw — z relation, 
since the photometric redshift from HyperZ is unreli- 
able. 

TOOT00_1214 is a one-sided radio source clas- 
sified as CD?. It is a point source at K and a seem- 
ingly reddened quasar at z = 3.081. In the optical 
spectrum we can see evidence of a Lya absorption 
system below 5000 A. There is a very poor agreement 
between photometric and spectroscopic redshifts, as 
expected for a quasar SED. We use the peak flux den- 
sities at 151 MHz and 1.4 GHz, due to confusion as 
indicated by a NVSS map of the area. 

TOOT00_1152 is a CD radio source with 
prominent hot spots at both ends of the radio struc- 
ture, that do not disappear in the A-array map. The 
object most likely associated with the radio structure 
gives a weak featureless faint optical continuum in the 
spectroscopy, which puts a limit on the redshift of the 
object of ;S 3. We use the — z redshift for our cal- 
culations since the formal output of the HyperZ code 
is clearly a very poor fit. 
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TOOT00_1129 is a CD radio source, since the 
hot spots do not disappear in the A-array map, and a 
possible reddened quasar, as indicated by the narrow 
Lya and CIV hnes. Neither of the two photometric 
rcdshifts agree with the spectroscopic value, as ex- 
pected if non-stellar (e.g. dust scattered light from 
the obscured quasar) light is dominating the SED. 
The formal output of the HyperZ code is clearly a 
very poor fit. 

TOOT00_1090 is a FD radio source, as can 
be seen by the diffuse radio structure in Figure Al. 
This galaxy is at redshift z = 0.201. There is a very 
good agreement between spectroscopic and photomet- 
ric redshifts. 

TOOT00_1267 is a CD radio source, since the 

radio hot spots are present in both the A- and B-array 
radio maps. The optical spectrum places this object 
at redshift z = 0.968. There is a fairly good agreement 
between photometric and spectroscopic redshifts. 

TOOT00_1188 is a CD radio source (the radio 
hot spots do not disappear in the A-array map) with 
a spectroscopic redshift z = 1.417. The HyperZ fit 
is fairly good; more near-IR photometric points are 
needed for a more accurate fit. The redshift calculated 
from the Kw — z relation is slightly higher than the 
spectroscopic value. 

TOOT00_1196 is the only object in the sample 
that may be a spurious 7C radio source. Its unusual 
jjroperties means that if it is real it is a very dif- 
fuse 'FD?' radio source since there is no bright radio 
core nor a bright hot spot near the 7C radio posi- 
tion, as can be seen by the B-array map presented 
in Figure Al. Due to this fact, we cannot measure 
the angular size of the radio source. Any radio emis- 
sion is probably associated with the galaxy shown in 
Figure Al, close to the 7C radio position. Since any 
radio source in the B-array map has a flux density 
below the detection limit, we use a 2a detection from 
the NVSS, recalling that the rms noise of the NVSS 
is 0.45 mjy beam~^. This gives a very steep radio 
spectral index of > 2.1. The object is not detected at 
74 MHz, marginally surprising given a predicted de- 
tection at ~ 4.5a. We cannot rule out the possibility 
that the 4.4a 7C detection is spurious. Assuming the 
source is real and the galaxy ID shown in Figure Al, 
optical photometry provides only R- and /-band im- 
ages, while it was not observed in the _B-band, so the 
HyperZ fit is uncertain. The optical spectrum is blank 
in the blue, but shows a featureless continuum in the 
red with no clear lines. This object is classified as a 
possible galaxy G?, and we use the redshift calculated 
from the Kw — z for our analysis. 

TOOT00_1173 is a TJ radio source at z = 
0.332, with diffuse radio structure. The HyperZ fit 
is good and there is a good agreement between pho- 
tometric and spectroscopic redshifts. 

TOOT00_1228 is a COM radio source proba- 
bly at redshift z = 1.135, and a point source at K. 



There is poor agreement between spectroscopic and 
photometric redshifts. 

TOOT00_1034 is TJ radio source at z = 0.580, 
where the east radio emission is very diffuse. The pho- 
tometric redshift agrees with the spectroscopic one, 
although more photometric points could improve the 
HyperZ estimate. 

TOOT00_1255 is probably a CD radio source 
since the hot spots do not disappear in the A-array 
radio map. Here we present the B-array map (see Fig- 
ure Al). This galaxy is at redshift z = 0.582, which 
does not agree well with the photometric redshift. The 
one estimated from the Kw — z relation has a higher 
value, presumably because it is an unusually under- 
luminous galaxy. 

TOOT00_1048 is a CD radio source since the 
radio hot spots do not disappear in the A-array map, 
with a secure redshift z = 1.943. The optical spectrum 
indicates a reddened quasar and it is unresolved in the 
/sT-band. The ID in the K is 0.6 axcsec away from the 
centre of the classical double radio structure, which is 
within the uncertainty of the astrometry and the radio 
position. We classify it as a G?. We do not trust the 
photometric redshift from HyperZ since we have only 
four photometric points for the calculation. 

TOOT00_1029 is probably a COM radio 
source; the A-array map is bandwidth smeared and 
isn't presented here. The redshift estimated from Hy- 
perZ is close to the spectroscopic redshift; no redden- 
ing law was used in that calculation. The «k-z esti- 
mate does not agree with the spectroscopic redshift. 

TOOT00_1115 is probably a TJ radio source, 
since both A- and B-array radio maps are extended; 
here we present the A-array map. McLure et al. (2004) 
classify this object as a low-excitation-galaxy LEG 
(see Jackson & Rawlings 1997). The optical spectrum 
gives a secure redshift z = 0.416, and there is very 
good agreement with the photometric redshift. 

TOOT00_1132 is possibly a TJ? radio source 
and a galaxy at z = 0.183. There is a fairly good 
agreement between the spectroscopic and photomet- 
ric zbc redshifts, although the zk-z value is slightly 
higher. 

TOOT00_1250 is a spectroscopically conflrmed 
quasar at z = 1.350, with broad emission lines in the 
optical spectrum. The A- & B-array radio maps reveal 
a CD? radio structure; the A-array map shows clearly 
that both hot spots are compact (see Figure Al). The 
object is unresolved in the /i'-band. The value esti- 
mated from HyperZ disagrees with the spectroscopic 
and the zk-z redshifts due to a poor fit to too few 
photometric data points. 

TOOT00_1268 is a COM radio source at red- 
shift z — 2.015, and it might be a reddened quasar. 
We classify it as a G? optically and a Q-F in the radio 
for a quasars with a flat radio spectral index. The A- 
array radio map is bandwidth smeared at the source 
position; we do not present here. The fact that there 
is no visible sign of a 4000 A break spectroscopically 
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and that the SED is relatively flat, makes it hard to 
estimate an accurate photometric redshift. 

TOOT00_1251 is a CD radio source at z = 
2.490, since the radio hotspots do not disappear in 
the A-array map. The Lya line is obvious in the 2D 
optical spectrum. We do not trust the photometric 
redshift from HyperZ due to large errors on the pho- 
tometry. The ZKyj-z value agrees with the tentative 
spectroscopic value. 

TOOT00_1203 is a small CD? radio source at 
redshift z = 1.397. The photometric redshifts are 
slightly lower than the spectroscopic value. More pho- 
tometric points could improve the HyperZ fit. 
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Table Al. Optical and ncar-IR photometry for the 47 TOOTOO radio sourees that was used to calculate photometric 
redshifts with HyperZ: U, B, V, R and /, 2" Vega magnitudes arc from the ODT survey (MacDonald ct al. 2004) or 
they arc measured from the spectra of each object (Figure Al) due to lack of imaging; K— photometry was obtained by 
UKIRT; J* , H* and K* magnitudes are provided by K. Inskip (complete photometry in five different apertures is shown in 
Table A2); errors on the magnitudes are in bra<;kets below the values. Column 1 shows the name of the TOOTOO object. 
In Columns 2-7 we give U—, B—, V—, R—, /—band magnitude respectively; the character 's' shows measurement from 
the spectrum of each object; the character 'o' denotes ODT data. The errors on the magnitudes are shown below each 
magnitude value. Columns 7 & 8 show photometry from the 'Inskip' catalogue on the J* — and H* —band, respectively, 
where they were measured with a 4" diameter aperture. Column 9 presents A"— band photometry from UKIRT measured 
with a 4" diameter aperture or the one from the 'Inskip' catalogue (sec Section 2) marked with an '*'; the character 'o' 
denotes the value is provided by the ODT. Note; In the HyperZ photometric redshift calculation, all errors less than 10% 
on the near-IR magnitudes were taken as 10%. 
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TOOT00.1140 






25.2= 


22.8" 


21.0" 


18.8 


18.0 


17.0* 








(0.38) 


(0.38) 


(0.38) 


(0.08) 


(0.06) 


(0.04) 


TOOT00.1099 


23.3^ 


23.2" 


22.1= 


21.1" 


20.2" 


18.6 


17.5 


16.5* 




(0.38) 


(0.38) 


(0.38) 


(0.38) 


(0.38) 


(0.07) 


(0.04) 


(0.04) 


TOOT00_1125 


17.6= 


18.0= 


17.6= 


17.4= 


17.0= 






15.6 




(0.38) 


(0.38) 


(0.38) 


(0.38) 


(0.38) 






(0.01) 


TOOT00.1143 


23.0= 


22.8= 


21.3= 


20.1= 


19.2= 






16.0 




(0.38) 


(0.38) 


(0.38) 


(0.38) 


(0.38) 






(0.01) 


TOOT00.1233 


18.9= 


19.1= 


18.6= 


18.3= 


17.8= 






15.3 




(0.38) 


(0.38) 


(0.38) 


(0.38) 


(0.38) 






(0.01) 


TOOT00.1022 


25.7= 


>26.2= 


25.3= 


24.4= 


>24.6= 






19.4 




(0.23) 


(0.23) 


(0.23) 


(0.23) 


(0.23) 






(0.19) 


TOOT00.1204 


22.1" 


23.0" 


21.7" 


20.6" 


19.6" 






16.3 




(0.38) 


(0.38) 


(0.38) 


(0.38) 


(0.38) 






(0.01) 


TOOT00.1235 


20.9" 


21.9" 


21.6" 


21.3" 


20.4" 


18.8 


17.8 


17.0* 




(0.38) 


(0.38) 


(0.38) 


(0.38) 


(0.38) 


(0.09) 


(0.05) 


(0.04) 


TOOT00.1224 




25.8° 


23.9" 


24.1° 


24.0° 


22.0 


20.9 


19.7* 






(0.35) 


(0.14) 


(0.25) 


(0.45) 


(0.51) 


(0.29) 


(0.23) 


TOOT00.1291 


24.6" 


23.9" 


22.7" 


22.1" 


21.3" 






17.3 




(0.11) 


(0.11) 


(0.11) 


(0.11) 


(0.11) 






(0.02) 


TOOT00.1107 


23.9= 


23.1" 


21.4= 


20.8" 


20.3" 






18.1 




(0.38) 


(0.38) 


(0.38) 


(0.38) 


(0.38) 
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lUU 100.1 180 
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22.4= 






18.3 




(0.38) 


(0.38) 


(0.38) 


(0.38) 


(0.38) 






(0.08) 


TOOT00_1027 




>26.2= 


24.2= 


23.2= 


21.7= 






19.5 






(0.23) 


(0.23) 


(0.23) 


(0.23) 






(0.24) 


TOOT00.1195 








24.6= 
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19.5 


18.9 


18.1* 










(0.23) 


(0.23) 


(0.12) 


(0.10) 


(0.08) 


TOOT00.1069 


22.8= 


23.3" 


22.3" 


22.9" 


24.0" 






> 20.3 




(0.08) 


(0.08) 


(0.08) 


(0.08) 


(0.08) 






(1.09) 


TOOT00.1094 


26.1" 


25.8" 


24.7" 


23.6" 


23.0" 






18.3 




(0.23) 


(0.23) 


(0.23) 


(0.23) 


(0.23) 






(0.13) 


TOOT00.1149 


21.0" 


20.8" 


19.0" 


18.4" 


17.5" 






14.6° 




(0.23) 


(0.23) 


(0.23) 


(0.23) 


(0.23) 






(0.01) 


TOOT00.1298 








24.4" 
(0.23) 


21.1" 
(0.23) 






17.3 

(0.04) 


TOOT00.1200 


21.6" 


22.9" 


22.3" 


21.6" 


20.5" 






17.4 




(0.23) 


(0.23) 


(0.23) 


(0.23) 


(0.23) 






(0.04) 


TOOT00.1215 


22.6" 


21.7" 


20.0" 


19.3" 


18.7" 






15.0° 




(0.38) 


(0.38) 


(0.38) 


(0.38) 


(0.38) 






(0.01) 


TOOT00.1240 




22.2 
(0.11) 


21.7 
(0.11) 










18.9 
(0.35) 


TOOT00.1289 


24.8" 


>26.2" 


23.3= 


24.1= 








17.8 




(0.23) 


(0.23) 


(0.23) 


(0.23) 








(0.10) 


TOOT00.1072 




23.3= 


21.6= 


20.4= 


19.0= 






15.7 






(0.11) 


(0.11) 


(0.11) 


(0.11) 






(0.02) 


TOOT00.1134 




21.3= 


19.5= 


18.5= 


17.8= 






14.6 






(0.23) 


(0.23) 


(0.23) 


(0.23) 






(0.01) 
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Table Al. (continued) 
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TOOT00.1244 


19.9^ 


20.9= 


20.7= 


20.3= 


20.1= 






18.8 




(0.42) 


(0.42) 


(0.42) 


(0.42) 


(0.42) 






(0.46) 


TOOT00_1066 








24.5= 


22.2= 


19.8 


18.7 


18.0* 










(0.11) 


(0.11) 


(0.13) 


(0.08) 


(0.07) 


TOOT00.1066 




25.3° 


24.6° 


23.6° 


22.5° 


19.8 


18.7 


18.0* 


(HyperZ) 




(0.29) 


(0.05) 


(0.05) 


(0.05) 


(0.13) 


(0.08) 


(0.07) 


TOOT00.1261 


22.5^ 


22.4= 


21.9" 


21.9" 


21.6" 






19.0 




(0.23) 


(0.23) 


(0.23) 


(0.23) 


(0.23) 






(0.06) 


TOOT00.1252 








> 25.4" 
(0.50) 


> 24.6" 
(0.50) 






> 19.6 
(0.44) 


TOOT00.1214 


22.9" 


23.5" 


22.7" 


22.0" 


22.0" 






18.6 


(HyperZ) 


(0.23) 


(0.23) 


(0.23) 


(0.23) 


(0.23) 






(0.03) 


TOOT00.1214 


23.0° 


24.5° 


23.3° 


22.9° 


22.1° 






18.6 




(0.06) 


(0.15) 


(0.07) 


(0.08) 


(0.09) 






(0.03) 


TOOT00.1152 


24.0^ 
(0.02) 


25.7= 
(0.02) 


25.4= 
(0.02) 










19.6 
(0.80) 


TOOT00.1129 


24.4= 


24.2= 


24.0= 


23.6= 


23.8= 






20.2 




(0.02) 


(0.02) 


(0.02) 


(0.02) 


(0.02) 






(1.13) 


TOOT00.1090 


20.3" 


20.0" 


18.3" 


17.7" 


16.9" 






14.5 




(0.38) 


(0.38) 


(0.38) 


(0.38) 


(0.38) 






(0.01) 


TOOT00.1267 


23.5" 


24.6" 


24.0" 


23.0" 


21.7" 


19.0 


18.2 


17.1* 




(0.23) 


(0.23) 


(0.23) 


(0.23) 


(0.23) 


(0.09) 


(0.06) 


(0.05) 


TOOT00_1188 


23.2" 


23.9" 


23.5" 


22.8" 


22.7" 






18.3 




(0.23) 


(0.23) 


(0.23) 


(0.23) 


(0.23) 






(0.01) 


TOOT00.1196 








24.1° 
(0.20) 


22.4° 
(0.12) 






18.4 
(0.11) 


TOOT00.1173 




21.7" 


20.2" 


19.1" 


18.3" 






15.3 






(0.38) 


(0.38) 


(0.38) 


(0.38) 






(0.02) 


TOOT00.1228 


24.1" 


24.1" 


22.5" 


21.8" 


21.0" 






18.4 




(0.23) 


(0.23) 


(0.23) 


(0.23) 


(0.23) 






(0.13) 


TOOT00.1034 


25.1" 


24.7" 


21.6" 


20.4" 


19.4" 






16.1 




(0.23) 


(0.23) 


(0.23) 


(0.23) 


(0.23) 






(0.03) 


TOOT00.1255 


23.3" 


24.6" 


22.8" 


21.4" 


20.3" 


18.6 


17.6 


16.8* 


(HyperZ) 


(0.23) 


(0.23) 


(0.23) 


(0.23) 


(0.23) 


(0.07) 


(0.05) 


(0.05) 


TOOT00.1255 




24.6° 


22.6° 


21.5° 


20.5° 


18.6 


17.6 


16.8* 






(0.18) 


(0.05) 


(0.02) 


(0.02) 


(0.07) 


(0.05) 


(0.05) 


TOOT00_1048 


24.1= 
(0.11) 


25.2= 
(0.11) 


24.1= 
(0.11) 










17.5 
(0.16) 


TOOT00.1029 


23.8= 


24.7= 


23.2= 


21.8= 


20.1= 


18.4 


17.6 


15.9* 




(0.23) 


(0.23) 


(0.23) 


(0.23) 


(0.23) 


(0.07) 


(0.04) 


(0.02) 


TOOT00.1115 


22.6= 


23.0= 


21.6= 


20.3= 


19.5= 






15.9 




(0.23) 


(0.23) 


(0.23) 


(0.23) 


(0.23) 






(0.02) 


TOOT00.1132 


20.0" 


20.3= 


18.8" 


18.3" 


17.6" 






15.0 




(0.38) 


(0.38) 


(0.38) 


(0.38) 


(0.38) 






(0.01) 


TOOT00.1250 


23.7" 


22.7" 


22.5" 


22.0" 


22.0" 






18.0 


(HyperZ) 


(0.23) 


(0.23) 


(0.23) 


(0.23) 


(0.23) 






(0.14) 


TOOT00.1250 




22.9° 


22.5° 


21.9° 


22.4° 






18.0 






(0.04) 


(0.04) 


(0.03) 


(0.12) 






(0.14) 


TOOT00_1268 


23.1" 


23.8" 


23.7" 


22.4" 


21.0" 






17.6 




(0.38) 


(0..38) 


(0.38) 


(0.38) 


(0.38) 






(0.11) 


TOOT00.1251 


<25.3" 


26.0" 


<25.7" 


23.5" 


22.8" 






19.1 




(0.23) 


(0.23) 


(0.23) 


(0.23) 


(0.23) 






(1.30) 


TOOT00.1203 








22.4= 


20.8= 


18.9 


18.3 


17.4* 










(0.38) 


(0.38) 


(0.09) 


(0.07) 


(0.05) 
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Table A2. Optical and ncar-IR photometry for the 47 TOOTOO radio sources; errors are in brackets below the values. 
Column 1 shows the name of the TOOTOO object. Column 2 gives the photometric band, where for the ii"— band from 
UKIRT we also provide the observing date; the ./* — , H*— and iC*— band data are from the Inksip catalogue; the character 
'o' denotes data from the ODT. Column 3 gives the near-IR position of the object (RA in h m s & Dec in ° ' "; J2000.0). 
Columns 4-8 present the photometry in different diameter aperture measurements, 3", 4", 5", 8" and 9" respectively, 
for neaJT-IR data only. Note that for the optical photometry (see MacDonald et al. 2004) the magnitudes given are not 



measured in a 3 


-arcsec diameter aperture, but are given in 


the same column due to lack of 


space. 






(1) 


(2) 


(31 


f41 


(5) 


(6) 


(7) 


(8) 


Object 


Band 


near-IR Position (J2000) 


3"mag 


4"mag 


5" mag 


8" mag 


9" mag 








(3" error) 


(4" error) 


\tj CI i *J1 I 


{W prrnr'l 


(n't prrnr\ 


TOOT00.1140 


X-UFTI 


00 08 30.8 +35 21 48.1 


17.1 


17.0 


16.9 


16.8 


16.7 




25Jul2000 




(0.02) 


(0.02) 


(0.03) 


(0.04) 


(0.05) 




J* 




18.9 


18.8 


18.8 


18.6 


18.7 








(0.09) 


(0.08) 


(0.09) 


(0.10) 


(0.12) 




H* 




18.0 


18.0 


17.9 


17.8 


17.8 








(0.06) 


(0.06) 


(0.06) 


(0.08) 


(0.09) 




K* 




17.0 


17.0 


16.9 


16.7 


16.7 








(0.04) 


(0.04) 


(0.04) 


(0.04) 


(0.04) 


TOOT00_1099 


ft'-UFTI 


00 09 23.7 +35 05 05.5 


16.7 


16.6 


16.5 


16.5 


16.4 




25Jul2000 




(0.01) 


(0.02) 


(0.02) 


(0.03) 


(0.04) 




703* 




18.7 


18.6 


18.5 


18.5 


18.6 








(0.08) 


(0.08) 


(0.08) 


(0.10) 


(0.12) 




J04* 




18.8 


18.6 


18.5 


18.4 


18.4 








(0.08) 


(0.07) 


(0.07) 


(0.08) 


(0.08) 




i?03* 




17.7 


17.5 


17.4 


17.4 


17.3 








(0.04) 


(0.04) 


(0.04) 


(0.05) 


(0.05) 




HQi* 




17.7 


17.5 


17.4 


17.4 


17.4 








(0.05) 


(0.04) 


(0.04) 


(0.05) 


(0.06) 




K* 




16.7 


16.5 


16.5 


16.4 


16.4 








(0.04) 


(0.04) 


(0.04) 


(0.04) 


(0.04) 


TOOT00_1125 


K-UFTI 


00 09 36.6 +35 15 43.1 


15.7 


15.6 


15.6 


15.5 


15.5 




27Jul2000 




(0.01) 


(0.01) 


(0.01) 


(0.01) 


(0.02) 


TOOT00_1143 


K-UFTI 


00 09 46.9 +35 23 44.8 


16.0 


[15.8] 


[15.7] 


[15.5] 


[15.5] 




27Jul2000 




(0.01) 


(0.01) 


(0.01) 


(0.02) 


(0.02) 


TOOT00_1233 


K-UFTI 


00 09 53.2 +35 58 23.4 


15.4 


15.3 


15.2 


15.1 


15.1 




25Jul2000 




(0.01) 


(0.01) 


(0.01) 


(0.01) 


(0.01) 


TOOT00_1022 


Jf-UFTI 


00 10 37.7 +34 41 23.1 


19.0 


19.4 


19.6 


20.0 


20.0 




25Jul2000 




(0.10) 


(0.19) 


(0.31) 


(0.81) 


(0.94) 


TOOT00.1204 


A-Ur il 


00 10 40.6 +35 45 48.3 


16.4 


16.3 


16.2 


16.1 


16.1 




25Jul2000 




(0.01) 


(0.01) 


(0.01) 


(0.02) 


(0.03) 


TOOT00_1235 


K-UFTI 


00 10 45.5 +35 59 51.3 


17.0 


16.9 


16.8 


16.8 


16.8 




25Jul2000 




(0.02) 


(0.02) 


(0.02) 


(0.04) 


(0.05) 




J* 




19.0 


18.8 


18.8 


18.6 


18.6 








(0.09) 


(0.09) 


(0.09) 


(0.10) 


(0.11) 




H* 




18.0 


17.8 


17.8 


17.6 


17.6 








(0.05) 


(0.05) 


(0.05) 


(0.07) 


(0.07) 




K* 




17.1 


17.0 


17.0 


16.8 


16.8 








(0.05) 


(0.04) 


(0.04) 


(0.04) 


(0.05) 


TOOT00_1224 


B° 


00 10 48.87 +35 55 51.5 


25.8 
















(0.35) 












V° 


00 10 49.24 +35 55 51.2 


23.9 
















(0.14) 












R° 


00 10 49.16 +35 55 51.4 


24.1 
















(0.25) 












1° 


00 10 49.00 +35 55 51.3 


24.0 
















(0.45) 












Jf-UFTI 


00 10 48.8 +35 55 49.0 (too faint to measure) 












25Jul2000 
















iiT-UFTI 


00 10 48.8 +35 55 49.0 


19.8 


19.5 


19.4 


19.9 


20.1 




8Sept2004 




(0.12) 


(0.13) 


(0.14) 


(0.41) 


(0.56) 
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Table A2. (continued) 



(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


Object 


Band 


near-IR Position (J2000) 


3"mag 


4" mag 


5" mag 


8" mag 


9"mag 








(3" error) 


(4" error) 


(5" error) 


(8" error) 


(9" error) 


TOOT00_1224 


JOS* 




22.4 


22.2 


21.5 


21.4 


21.2 








(0.79) 


(0.88) 


(0.63) 


Cl 051 


Cl 011 




J04* 




22.1 


22.0 


22.6 


22.7 


21.6 








(0.46) 


(0 51) 


Cl 001 


Cl 981 


(0.90) 




H03* 




21.0 


20.5 


20.1 


19.6 


19.5 








(0.33) 


(0 29) 


Co 271 


(0.32) 


(0.33) 




HOi* 




21.1 


20.9 


20.6 


20.7 


20.8 








(0.27) 


(0 29) 


(0.28) 


(0.58) 


Co 761 




K* 




19.8 


19.7 


19.5 


19.4 


19.5 








(0.21) 


(0.23) 


(0.23) 


(0.39) 


CO 51 1 


TOOT00.1291 


ftT-UIST 


00 10 51.4 +36 28 29.7 


17.4 


17.3 


17.3 


17.2 


17.2 




26 Tan2nnS 




(0.02) 


(0.02) 


(0.02) 


Co 041 


(0.05) 




K-VFTl 


00 10 51.4 +36 28 29.6 


17.3 


17.2 


17.0 


17.2 


17.2 




15Sep2004 




(0.03) 


Co 041 


Co 041 


Co 101 


Co 101 


TOOT00.1107 


B° 


00 11 12.22 +35 07 21.0 


26.7 
















(1.21) 












V° 


00 11 12.45 +35 07 20.6 


23.9 
















(0.24) 












R° 


00 11 12.47 +35 07 20.8 


23.4 
















(0.14) 












1° 


00 11 12.40 +35 07 20.2 


22.6 
















(0.12) 












if-UFTI 


00 11 12.30 +35 07 20.6 


18.3 


18.1 


18.0 


18.1 


18.0 




25 Tiii2non 




(0.05) 


(0.06) 


Co 071 


CO 1 31 


Co 141 


TOOT00.1180 


B° 


00 11 12.94 +35 38 0.3 


23.5 
















(0.09) 












v° 


00 11 12.94 +35 38 0.3 


23.5 
















(0.09) 












R° 


00 11 12.89 +35 38 0.9 


23.3 
















(0.11) 












1° 


00 11 12.90 +35 37 59.9 


18.1 
















(0.16) 












K° 


00 11 12.97 +35 38 0.2 


18.1 
















(0.12) 












if-UFTI 


00 11 12.90 +35 38 0.1 


18.4 


18.3 


18.3 


18.5 


18.6 




27Jul2000 




(0.06) 


(0.08) 


Co 101 


(0.23) 


(0.30) 


TOOT00.1027 


RT-UFTI 


00 11 17.0 +34 43 33.8 


19.5 


19.5 


19.8 


19.6 


19.4 




27Jul2000 




(0.18) 


Co 241 


Co 421 


Co 611 


Co 611 


TOOT00.1195 


B° 


00 11 52.68 +35 42 20.6 


25.4 
















(0.24) 












V° 


00 11 52.62 +35 42 19.1 


25.5 
















(0.58) 












R° 


00 11 52.35 +35 42 20.8 


23.2 
















(0.10) 












1° 


00 11 52.35 +35 42 20.2 


22.1 
















(0.07) 












K° 


00 11 52.37 +35 42 20.5 


18.5 
















(0.32) 












K-VFTI 


00 11 52.40 +35 42 20.0 


18.4 


18.3 


18.3 


18.2 


18.2 




27Jul2000 




(0.06) 


(0.08) 


(0.11) 


(0.17) 


(0.20) 




JOS* 




20.1 


20.0 


19.9 


19.9 


20.0 








(0.18) 


(0.19) 


(0.20) 


(0.31) 


(0.38) 




J04* 




19.7 


19.5 


19.4 


19.1 


19.0 








(0.12) 


(0.12) 


(0.12) 


(0.13) 


(0.14) 




H" 




19.1 


18.9 


18.7 


18.4 


18.3 








(0.10) 


(0.10) 


(0.11) 


(0.14) 


(0.15) 




K" 




18.2 


18.1 


18.0 


17.9 


17.9 








(0.08) 


(0.08) 


(0.08) 


(0.11) 


(0.12) 
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Table A2. (continued) 









W 




(0) 






Object 


Band 


near-IR Position (J2000) 


3"mag 


4" mag 


5" mag 


8"mag 


9"mag 








(3" error) 


(4" error) 


(5" error) 


(8" error) 


(9" error) 


TOOT00.1069 


B° 


00 12 12.91 +34 58 30.4 


26.2 
















(0.76) 












V° 


00 12 13.11 +34 58 32.9 


24.9 
















(0.30) 












R° 


00 12 12.92 +34 58 29.8 


24.4 
















(0.24) 












1° 


00 12 11.95 +34 58 31.9 


22.5 
















(0.30) 












K° 


00 12 13.83 +34 58 31.6 


18.7 
















(0.41) 












K-VIST 


00 12 12.58 +34 58 30.9 




> 20.3 










26Jan2003 
















K-UFTI 


00 12 12.58 + 34 58 30.9 




> 19.2 (object at edge 










15Sep2004 






of image - unreliable value) 








TOOT00.1094 


B" 


00 12 16.60 +35 04 25.8 


25.8 
















(0.53) 












V° 


00 12 16.56 +35 04 25.6 


25.4 
















(0.47) 












R° 


00 12 16.53 +35 04 23.3 


24.9 
















(0.62) 












1° 


00 12 16.42 +35 04 22.5 


22.3 
















(0.26) 












K-mST 


00 12 16.3 +35 04 23.4 




> 20.6 










26Jan2003 
















Jf-UFTI 


00 12 16.3 +35 04 23.4 


18.6 


18.2 


17.8 


17.5 


17.6 




15Sep2004 




(0.13) 


(0.13) 


(0.11) 


(0.15) 


(0.19) 


TOOT00.1149 


B° 


00 12 17.99 +35 27 29.4 


21.1 
















(0.01) 












V° 


00 12 18.00 +35 27 29.0 


19.5 
















(0.01) 












R° 


00 12 18.06 +35 27 29.1 


18.6 
















(0.01) 












1° 


00 12 17.98 +35 27 29.2 


18.1 
















(0.01) 












K° 


00 12 18.01 +35 27 29.1 


14.6 
















(0.01) 










TOOT00.1298 


if-UFTI 


00 12 24.20 +35 33 10.5 


17.3 


17.3 


17.2 


17.2 


17.1 




27Jul2000 




(0.03) 


(0.04) 


(0.04) 


(0.08) 


(0.09) 


TOOT00.1200 


U° 


00 12 31.19 +35 43 33.0 


22.4 
















(0.03) 












B° 


00 12 31.21 +35 43 33.2 


22.7 
















(0.02) 












V° 


00 12 31.25 +35 43 33.3 


22.0 
















(0.02) 












R° 


00 12 31.22 +35 43 33.6 


21.3 
















(0.02) 












1° 


00 12 31.20 +35 43 33.0 


20.4 
















(0.01) 












Jf-UFTI 


00 12 31.3 +35 43 33.2 


17.5 


17.4 


17.4 


17.4 


17.4 




27Jul2000 




(0.03) 


(0.04) 


(0.05) 


(0.08) 


(0.10) 


TOOT00.1215 


U° 


00 12 45.95 +35 52 19.2 


21.8 
















(0.03) 












V° 


00 12 45.92 +35 52 19.7 


19.6 
















(0.01) 












R° 


00 12 45.89 +35 52 19.4 


18.7 
















(0.01) 












1° 


00 12 45.92 +35 52 19.5 


18.2 
















(0.01) 












K° 


00 12 45.92 +35 52 19.1 


15.0 
















(0.01) 
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Table A2. (continued) 



(1) 


(2) 


(3) (4) 


(5) 


(6) 


(7) 


(8) 


Object 


Band 


near-IR Position (J2000) 3"mag 
(3" error) 


4" mag 
{4" error) 


5'' mag 
(5^' error) 


8" mag 
(8" error) 


9"mag 
(9" error) 



TOOT00.1240 


K-UIST 


00 13 05.30 +36 01 51.0 


18.8 


18.9 


18.6 


[15.6] 


[15.6] 




26Jan2003 




(0.25) 


(0.35) 


(0.34) 


(0.04) 


(0.04) 


TOOT00.1289 


i^-UFTI 


00 13 12.2 +36 27 16.1 


18.1 


17.8 


17.8 


17.8 


17.7 




14Sep2004 




(0.05) 


(0.05) 


(0.06) 


(0.11) 


(0.11) 


TOOT00.1072 


B" 


00 13 13.35 +34 59 41.6 


23.4 
















(0.05) 












V° 


00 13 13.28 +34 59 41.0 


21.5 
















(0.01) 












R° 


00 13 13.35 +34 59 41.3 


20.3 
















(0.01) 












1° 


00 13 13.25 +34 59 41.3 


19.1 
















(0.01) 












K° 


00 13 13.35 +34 59 40.9 


15.7 
















(0.04) 












if-UFTI 


00 13 13.3 +34 59 40.8 


15.9 


15.7 


15.6 


15.4 


15.3 




14Jan2001 




(0.02) 


(0.02) 


(0.02) 


(0.03) 


(0.04) 


TOOT00.1134 


B° 


00 13 21.21 +35 20 08.2 


21.3 
















(0.01) 












V° 


00 13 21.17 +35 20 07.6 


19.7 
















(0.01) 












R° 


00 13 21.09 +35 20 10.5 


18.9 
















(0.01) 












1° 


00 13 21.00 +35 20 10.2 


18.3 
















(0.01) 












iV 


UU lo zi.io -|-oO zU Uo.D 


1 /I o 
















(0.01) 












if-UFTI 


00 13 21.2 +35 20 07.6 


14.9 


14.6 


[14.4] 


[13.9] 


[13.8] 




25Jul2000 




(0.01) 


(0.01) 


(0.01) 


(0.01) 


(0.01) 


TOOT00.1244 


U° 


00 13 30.11 +36 03 49.7 


20.2 
















(0.01) 












V° 


00 13 30.07 +36 03 50.3 


20.7 
















(0.01) 












R° 


00 13 30.05 +36 03 50.0 


20.3 
















(0.01) 












1° 


00 13 30.06 +36 03 50.2 


20.1 
















(0.02) 












K° 


00 13 30.11 +36 03 51.0 


18.8 
















(0.46) 










TOOT00.1066 


B° 


00 13 48.34 +34 56 57.9 


25.3 
















(0.29) 












V° 


00 13 48.31 +34 56 58.1 


26.0 
















(0.83) 












R° 


00 13 48.36 +34 56 58.3 


23.3 
















(0.09) 
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Table A2. (continued) 



(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


Object 


Band 


near-IR Position (J2000) 


3"mag 


4" mag 


5" mag 


8" mag 


9"mag 








(3 error) 


/All \ 

(4 error) 


(5 error) 


loll \ 

(8 error) 


(9 error) 


TOOT00.1066 


/" 


00 13 48.27 +34 56 58.3 


21.9 
















fo ISl 












K° 


00 13 48.23 +34 56 57.8 


18.9 
















(0.36) 












K-VIST 


00 13 48.3 +34 56 57.6 


17.9 


17.7 


17.7 


18.2 


18.5 




26Jan2003 




(0.06) 


CO 07) 


(0.09) 


(0.23) 


(0.36) 




JOS* 




19.9 


19.8 


19.7 


19.3 


19.3 








Co 14) 


(0 15) 


Co 14) 


fo 15) 


fo 17) 




J04* 




20.0 


19.8 


19.7 


19.3 


19.3 








fn 14") 


fo 13) 


(0 1 3) 


fo 14) 


fo 15) 




i?03* 




19.0 


18.8 


18.7 


18.5 


18.4 








(0.09) 


(0.09) 


fo 10) 


fo 12) 


fo 13) 




H04* 




19.0 


18.7 


18.6 


18.3 


18.3 








(0.08) 


(0.08) 


(0.08) 


(0.08) 


(0.09) 




K* 




18.1 


18.0 


17.9 


17.7 


17.6 








Co 07) 


fo 07) 


fo 07) 


fo 07) 


fo 07) 


TOOT00_1261 


U° 


00 14 6.64 +36 08 26.9 


22.3 




























V° 


00 14 6.60 +36 08 26.9 


22.7 
















(0.05) 












R° 


00 14 6.59 +36 08 26.5 


23.0 
















fn 11") 












1° 


00 14 6.60 +36 08 26.8 


22.1 
















(0.09) 












_K-UFTI 


00 14 6.6 +36 08 27.3 


19.3 


19.0 


19.0 


18.9 


18.8 




13Jan2002 




(0.05) 


(0.06) 


fo 07) 


fo 12) 


fo 13) 


TOOT00.1252 


K-UFTI 


00 14 30.6 +36 06 44.4 




> 19.6 










14Sep2004 














TOOT00.1214 


U° 


00 14 43.51 +35 52 05.0 


23.0 
















(0.06) 












B° 


00 14 43.53 +35 52 05.4 


24.5 
















Co 15) 












V° 


00 14 43.54 +35 52 05.4 


23.3 
















Co 07) 












R° 


00 14 43.53 +35 52 05.7 


22.9 
















(0.08) 












1° 


00 14 43.53 +35 52 05.9 


22.1 
















(0.09) 












Jf-UFTI 


00 14 43.6 +35 52 05.4 


18.6 


[18.3] 


[18.1] 


[17.9] 


[17.9] 




08Jan2002 




(0.03) 


(0.03) 


(0.03) 


(0.05) 


(0.06) 


TOOT00.1152 


U° 


00 14 49.09 +35 28 7.4 


25.3 
















(0.97) 












B° 


00 14 49.88 +35 28 11.6 


25.7 
















(0.43) 












V° 


00 14 49.10 +35 28 7.2 


26.3 
















(1.16) 












R° 


00 14 49.10 +35 28 7.4 


25.0 
















(0.40) 












1° 


00 14 49.49 +35 28 9.2 


24.2 
















(1.51) 












K° 


00 14 49.08 +35 28 7.2 


21.1 
















(3.19) 














00 14 49.7 +35 28 11.1 


19.6 


19.6 


21.2 








26Jan2003 




(0.6) 


(0.8) 


(4.3) 
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Table A2. (continued) 





(2) 


y-i) 


(4) 


(5j 


(0) 


('7\ 


\°) 


Object 


Band 


near-IR Position (J2000) 


3"mag 


4"mag 


5"mag 


8"mag 


9" mag 








(3" error) 


(4" error) 


(5" error) 


(8" error) 


(9" error) 


TOOT00.1129 


U° 


00 15 4.32 +35 19 1.1 


22.7 
















(0.11) 












B° 


00 15 4.33 +35 19 1.1 


23.4 
















(0.07) 












V° 


00 15 4.33 +35 19 1.1 


23.0 
















(0.06) 












R° 


00 15 4.37 +35 19 1.4 


22.7 
















(0.04) 












1° 
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22.7 
















(0.13) 
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18.5 
















(0.50) 












_K-UIST 


00 15 4.3 +35 18 56.7 


20.2 


20.2 


21.9 








27Jan2003 




(0.85) 


(1.13) 


(7.10) 






TOOT00.1090 


R° 


00 15 16.00 +35 03 28.0 


17.9 
















(0.01) 












r 


00 15 15.91 +35 03 27.9 


17.4 
















(0.01) 












if-UFTI 


00 15 15.9 +35 03 27.7 


14.7 


14.6 


14.4 


14.2 


14.2 




28Dec2000 




(0.01) 


(0.01) 


(0.01) 


(0.01) 


(0.01) 


TOOT00.1267 


K-VIST 


00 15 31.0 +36 12 16.5 


17.6 


17.5 


17.5 


17.5 


17.7 




27Jan2003 




(0.08) 


(0.09) 


(0.11) 


(0.21) 


(0.29) 




JOS* 




19.3 


19.2 


19.0 


19.1 


19.1 








(0.12) 


(0.12) 


(0.11) 


(0.15) 


(0.18) 




J04* 




19.1 


19.0 


18.9 


18.8 


18.9 








(0.09) 


(0.09) 


(0.09) 


(0.12) 


(0.13) 




H* 




18.3 


18.2 


18.1 


18.1 


18.0 








(0.07) 


(0.06) 


(0.07) 


(0.09) 


(0.10) 




K* 




17.3 


17.1 


17.1 


16.9 


16.9 








(0.05) 


(0.05) 


(0.05) 


(0.05) 


(0.05) 


TOOT00.1188 


U° 


00 15 56.37 +35 39 49.8 


26.3 
















(1.37) 












B° 


00 15 56.33 +35 39 51.8 


23.5 
















(0.06) 












V° 


00 15 56.34 +35 39 52.4 


23.2 
















(0.08) 












R° 


00 15 56.39 +35 39 52.2 


22.5 
















(0.05) 












1° 


00 15 56.32 +35 39 52.2 


21.9 
















(0.08) 












K° 


00 15 56.36 +35 39 51.8 


18.0 
















(0.19) 












RT-UIST 


00 15 56.33 +35 39 52.1 


18.1 


18.3 


18.9 








27Jan2003 




(0.12) 


(0.20) 


(0.42) 






TOOT00.1196 


R° 


00 16 36.76 +35 42 23.1 


24.1 
















(0.2) 












1° 


00 16 36.76 +35 41 23.1 


22.4 
















(0.12) 












K-mST 


00 16 35.74 +35 42 22.9 


18.5 


18.4 


18.3 


18.9 


19.3 




27Jan2003 




(0.09) 


(0.11) 


(0.13) 


(0.37) 


(0.65) 




X-UFTI 


00 16 35.71 +35 42 22.8 


17.4 


17.4 


17.3 


17.1 


16.9 




15Sep2004 




(0.04) 


(0.06) 


(0.07) 


(0.10) 


(0.10) 
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Table A2. (continued) 



(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


Object 


Band 


near-IR Position (J2000) 


3"mag 


4" mag 


5"mag 


8" mag 


9"mag 








(3'' error) 


(4" error) 


(5" error) 


(8" error) 


(9" error) 


TOOT00.1173 


U° 


00 16 59.49 +35 34 36.2 


22.6 
















(0.09) 












B° 


00 16 59.54 +35 34 35.6 


21.6 
















(0.02) 












V° 


00 16 59.52 +35 34 36.0 


20.4 
















(0.01) 












R° 


00 16 59.55 +35 34 36.3 


19.4 
















(0.01) 












1° 


00 16 59.53 +35 34 36.3 


18.7 
















(0.01) 












ft'-UFTI 


00 16 59.5 +35 34 35.9 


15.6 


15.3 


15.2 


15.1 


15.1 




14Jan2001 




(0.02) 


(0.02) 


(0.02) 


Co 041 


Co 041 


TOOT00_1228 


V° 


00 17 2.99 +35 56 19.0 


25.4 
















(0.57) 












K° 


00 17 2.79 +35 56 19.9 


19.3 
















(1.49) 












Jf-UFTI 


00 17 3.00 +35 56 18.4 


18.5 


18.5 


18.5 


18.3 


18.6 




14Jan2001 




(0.10) 


fO 13") 


Co 181 


(0.28) 


CO 411 


TOOT00_1034 


R° 


00 17 4.87 +34 46 57.2 


20.4 
















(0.01) 












1° 


00 17 4.79 +34 46 57.1 


19.5 
















(0.01) 












if-UIST 


00 17 4.8 +34 46 56.5 


16.2 


16.1 


15.9 


15.8 


15.8 




27Jan2003 




(0.03) 


(0.03) 


(0.03) 


(0.05) 


(0.06) 


TOOT00.1255 


B° 


00 17 28.30 +36 7 27.3 


24.6 
















(0.18) 












V° 


00 17 28.29 +36 7 27.8 


22.6 
















(0.05) 












R° 


00 17 28.23 +36 7 27.7 


21.5 
















(0.02) 












1° 


00 17 28.23 +36 7 27.8 


20.5 
















(0.02) 












Jf-UFTI 


00 17 28.2 +36 07 27.2 


17.5 


17.4 


17.3 


[16.7] 


[16.7] 




08Jan2001 




(0.03) 


Co 041 


Co 041 


(0.05) 


(0.05) 




J03* 




18.9 


18.7 


18.5 


18.2 


17.8 








(0.10) 


(0.09) 


(0.09) 


(0.09) 


Co 071 




J04* 




18.8 


18.6 


18.5 


18.0 


17.7 








(0.08) 


Co 071 


Co 071 


Co 071 


(0.06) 




H* 




17.8 


17.6 


17.5 


17.1 


16.7 








(0.05) 


(0.05) 


(0.05) 


(0.05) 


Co 041 




K* 




17.0 


16.8 


16.7 


16.5 


16.3 








(0.05) 


(0.05) 


(0.05) 


(0.05) 


(0.05) 


TOOT00.1048 


i^-UIST 


00 18 16.5 +34 50 36.2 


18.0 


17.5 


17.4 


17.2 


17.2 




27,Jan2003 




(0.19) 


(0.16) 


(0.18) 


(0.27) 


(0.33) 


TOOT00.1029 


K-\3FTl 


00 18 28.0 +34 44 49.5 


16.0 


15.9 


15.8 


15.4 


[15.4] 




28Dec2000 




(0.02) 


(0.02) 


(0.02) 


(0.03) 


(0.03) 




J* 




18.6 


18.4 


18.3 


18.1 


18.1 








(0.08) 


(0.07) 


(0.07) 


(0.08) 


(0.09) 




H* 




17.7 


17.6 


17.5 


17.4 


17.5 








(0.05) 


(0.04) 


(0.04) 


(0.06) 


(0.06) 








16.8 


16.6 


16.5 


16.4 


16.4 








(0.04) 


(0.03) 


(0.03) 


(0.04) 


(0.04) 








16.8 


16.6 


16.5 


16.4 


16.4 








(0.04) 


(0.04) 


(0.04) 


(0.04) 


(0.04) 


TOOT00.1115 


if-UFTI 


00 18 53.9 +35 10 11.4 


16.0 


15.9 


15.7 


15.4 


15.4 




28Dec2000 




(0.02) 


(0.02) 


(0.02) 


(0.03) 


(0.03) 


TOOT00.1132 


AT-UFTI 


00 19 20.1 +35 19 36.2 


15.1 


15.0 


14.9 


14.8 


14.8 




14Jan2001 




(0.01) 


(0.01) 


(0.01) 


(0.02) 


(0.03) 
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Table A2. (continued) 



(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


Object 


Band 


near-IR Position (J2000) 


3"mag 


4" mag 


5"mag 


8" mag 


9"mag 








(3" error) 


(4" error) 


(5" error) 


(8" error) 


(9" error) 


TOOT00.1250 


B° 


00 19 54.43 +36 06 21.7 


22.9 
















(0 04) 












V° 


00 19 54.40 +36 06 22.2 


22.5 
















(0 04) 












R° 


00 19 54.34 +36 06 22.3 


21.9 
















(0.03) 












1° 


00 19 54.33 +36 06 22.4 


22.4 
















(0.12) 












if-UFTI 


00 19 54.4 +36 06 22.2 


18.2 


18.0 


17.8 


18.5 


18.4 




28Dec2000 




(0.13) 


(0.14) 


(0.16) 


(0.50) 


(0.57) 


TOOT00.1268 


A'-UIST 


00 21 52.0 +36 12 18.4 


17.6 


17.6 


17.5 


17.5 


[17.4] 




27Jan2003 




(0.08) 


(0.11) 


(0.12) 


(0.21) 


(0.21) 


TOOT00.1251 


Jf-UFTI 


00 22 19.0 +36 06 29.6 


17.85 


19.1 










28Dec2000 




(0.32) 


(1.30) 








TOOT00.1203 


Jf-UFTI 


00 23 31.6 +35 45 04.2 


17.6 


17.4 


17.0 


[15.7] 


[15.7] 




14Jan2001 




(0.04) 


(0.05) 


(0.05) 


(0.02) 


(0.03) 




J' 




19.2 


18.9 


18.4 


16.8 


16.8 








(0.10) 


(0.09) 


(0.07) 


(0.04) 


(0.04) 




H* 




18.5 


18.3 


17.8 


16.3 


16.2 








(0.07) 


(0.07) 


(0.06) 


(0.03) 


(0.03) 




K" 




17.6 


17.4 


17.1 


15.8 


15.8 








(0.06) 


(0.05) 


(0.05) 


(0.03) 


(0.03) 
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Figure Al. At the top of each panel we present the K-haiid images and overlaid radio contours from the VLA (B- or 
A-array as stated). The contour levels follow: 2""=°"'°'""^ X a, where ncontour is the number of contours and cr the noise 
level. A white/red cross indicates the position of the assumed near-ID. In the middle wc give the optical spectrum of the 
object, as described in Section 2. The blue and red part of each spectrum have been combined at ~ 6000 A. We haven't 
corrected for atmospheric absorption, which is labelled as 'A' in the spectrum; 'S' denotes a sky line; 'F' denotes fringing; 
and 'C a cosmic ray effect. At the bottom we give the SED and the results from the HyperZ fit on the photometric data. 
Symbols: filled squares denote photometric points, whereas open diamonds denote that the fiuxes were estimated from 
the optical spectra. Note: for object TOOT00_1240 we also provide a zoomed-in X— band/radio overlay and a DSS/radio 
overlay. The positions of an M-star and a galaxy G (z = 0.191) close to the position of TOOT00_1240 are marked with an 
'M' and a 'G' respectively. For TOOT00_1252 both A- and B-array radio maps are presented; the K position is not marked 
since it is a limit at K. The red arrow in the ii'-band/B-array overlay in TOOT00_1196 shows the 7C radio position. 
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Figure Al. (continued) 
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Figure Al. (continued) 
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Figure Al. (continued) 
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